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S U M M A R Y  
Current trends in technology have led to a need for creativity and innovation in the design of 
contemporary digital products and systems. This has resulted in design thinking and creative design 
process having a higher profile in digital design practice. In turn, this has impacted computing 
education, by creating a need for computing students to develop creativity and design thinking skills. 
Creative design is taught using design studio teaching methods, which require a culture, environment 
and activities that are different to the teaching methods used in traditional computing education. 
Some computing academics have implemented courses using aspects of studio teaching methods, but 
no clear guidelines for a computing academic without creative design experience to fully apply studio 
teaching methods in courses could be found. 
The reason for the change in the role of design in the digital domain and how it affected the needs of 
computing students was investigated and a comparison of typical design studio and computing 
teaching methods was conducted using a learning systems model adapted for this specific purpose. 
This led to an identification of areas that required further investigation, or gaps in the knowledge of 
how to adapt design studio methods for use within a traditional computing education environment. 
These gaps were used as the basis for identifying a set of research questions for an empirical study. 
An exploratory case study was conducted at the Nelson Mandela Metropolitan University to answer 
the research questions. Three computing academics implemented studio teaching methods within 
three separate modules, following provisional guidelines devised from the preliminary research. 
Feedback was collected from the lecturers and the students registered for the modules regarding 
their experiences. 
It was found that it would be possible for computing academics to implement aspects of a design 
studio approach within the existing computing environment. An explicit teaching method, termed the 
computing studio teaching method, was developed from the results of the case study. 
This teaching method aims to provide computing academics with little or no creative design 
experience with explicit methods for implementing modified design studio teaching methods in order 
to promote creativity and design thinking within traditional computing modules. This teaching 
method will be tested, validated and refined in future research. 
Keywords: creativity, design thinking, creative design, studio, teaching methods, design studio 
approach, learning model. 
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G L O S S A R Y  
Term Definition 
creative economy A new era of experiential technology; an era of transformation where 
success is based on intellectual property, rather than physical capital. 
design When used without a qualifier, refers to creative design, as opposed to 
traditional computing systems design. 
design thinking The divergent process of creative design. Relates to creativity and 
creative design. Viewed as central to business success in the 21st Century. 
Has three important aspects, namely it is multidisciplinary, user- or 
human-centred and has a physical aspect, for example sketching, as part 
of the process. 
digital convergence  Process whereby a range of diverse digital technologies and content 
merge to provide new, multifunction devices and solutions. 
digital design Designing of contemporary digital products. Requires creativity and 
innovation. Utilises design processes and thinking, as well as traditional 
computing systems design. 
digital products Contemporary interactive digital products and systems, which are 
considered to be part of a system or service that make up the entire 
experience the user has in interacting with the digital product. May be 
any product or system that contains a microprocessor. 
experience design An approach to the design of products and environments that embraces 
all the senses and requirements of the user or person involved. 
experience economy A shift in economic focus, with the emotion and experience of the 
consumer becoming important. 
graphic design Graphic design is an artistic or creative discipline which focuses on 
communication and presentation. It often refers to both the process of 
designing by which a communication is created and the products or 
designs that are created. Design for newer, interactive multimedia that 
has visual elements is a form of graphic design, sometimes referred to as 
visual design. 
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Term Definition 
hci Human-Computer Interaction. A multidisciplinary academic field which 
focuses on the study of the interaction between people, or users, and 
computers. 
industrial design Industrial design is the discipline of creating and executing design 
solutions that optimize the form, function, value and appearance of 
products and systems for the mutual benefit of user and manufacturer. 
information architecture Information Architecture focuses on creating structures that make 
complex information clear. Every information system, even those not in 
the digital realm, has an information architecture. For example, a book 
has chapter headings, a table of contents, page numbering and so on. 
Information Architecture emerged as a formal profession as digital 
systems developed in complexity and the dynamic nature of information 
on the Web evolved and became popularly available. 
interaction design Interaction Design (often abbreviated as IxD) relates to the structure and 
behaviour of interactive products and services, and the relationships 
between these interactive systems and the people who use them.  The 
goal of IxD is to support the users of interactive systems in particular 
contexts of use. 
non-design computing 
academic 
Computing educator with little or no experience in or knowledge of 
creativity, design thinking or creative design. 
traditional design 
disciplines 
Creative design disciplines such as architecture, industrial design, graphic 
design, interior design. 
ubiquitous computing Ubiquitous computing (shortened form is ubicomp) is information 
processing that is no longer contained within a personal computer, 
laptop or even mobile devices, but is to be found throughout the built 
environment. 
usability engineering Usability Engineering is concerned with the design of products or 
systems in having an interface that provides a high degree of 
effectiveness, efficiency and satisfaction with which a specified set of 
users can achieve a specified set of tasks in a particular environment. The 
term implies a focus on assessing and making recommendations that will 
improve the usability, rather than on design. 
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Term Definition 
user experience User Experience (sometimes abbreviated as UX) is an umbrella term for a 
multidisciplinary domain that encompasses user-centred disciplines that 
are necessary to the successful design of contemporary digital products 
focusing on a satisfying user experience. Disciplines in the domain 
include: HCI, Information Architecture, Interaction Design, Usability 
Engineering, Graphic Design, Industrial Design, Experience Design, User 
Interface Design. 
user interface design User Interface Design is the visible result of Interaction Design and 
facilitation of the User Experience. The user interface can be described as 
the controls for operating the features and functions of the digital 
product or system, and the goal of User Interface Design is to make the 
user’s interaction with the system as intuitive and satisfying as possible. 
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C h a p t e r  1    
I N T R O D U C T I O N  
1.1 Background 
Advances in digital technology have led to fundamental changes in the role and nature of computing. 
This is changing the ways in which digital technology is used in society, leading to social 
transformation (Reding 2006; Harper, Rodden, Rogers and Sellen 2007). As digital technology 
transforms society, so society’s requirements and expectations of technology change, leading to 
further changes in computing. This is a cyclic, mutually interdependent process, which has created a 
need for the professionals designing contemporary digital products to be creative and develop 
innovative solutions (Buxton 2007). 
The need for innovation has arisen because the nature of the digital products that are currently being 
created and used in society differs from previous generations of digital products. In order to 
understand the nature of these products, one must first understand the social transformations 
brought about by advances in digital technology. 
The interactive digital products and systems of today, which will hereafter be referred to simply as 
digital products, differ from earlier digital products in that they are no longer viewed as products in 
isolation. These digital products are considered to be part of a system or service that makes up the 
entire experience the user has in interacting with the digital product (Fulton-Suri 2003). 
Formerly, development of new products was driven by the technology that was available, and so the 
focus in the design of a digital product was on the technology and how it could be used. However, as 
technology has become more accessible, it is viewed simply as a tool.  As a result, contemporary 
digital products focus on the interfaces that enable people to use the product (Crampton Smith 
2007), or the needs of the people using the product and the context in which the product would be 
used, and utilise the technology most appropriate to fulfilling the user requirements. 
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The design of digital products requires input from a variety of disciplines (Bogaards and Preister 
2005), as there is no single traditional design discipline, such as architecture, industrial design or 
graphic design, or information technology systems design approach that offers the diverse skills and 
knowledge necessary for designing contemporary digital systems or products (Knemeyer 2004). This 
has led to the emergence of multidisciplinary design teams, made up of professionals from different 
disciplines, working together to achieve common goals. 
This multidisciplinary approach differs from the process by which earlier digital products were 
created, and has led to a change in the nature of design in digital product development (Rundle 
2007), as the focus is no longer on the technology, but on the fulfilling the needs of the user. 
A multidisciplinary team employs a creative design process at the front-end of the product 
development cycle to generate a number of conceptual designs (Buxton 2007). These designs are 
refined to produce a final design to be developed in the implementation phase. During 
implementation, the design is revisited, as there may still be opportunities for creativity and 
innovation. 
This creative design process is different to the type of design traditionally followed in computing 
practice (Fry 2006). Design in traditional computing sciences is an engineering design process, a 
convergent method where typically one solution is sought as soon as possible, often as a result of 
time, resource and budget constraints.  
The divergent process of creative design is known as design thinking. Executive management is 
increasingly realising that the design excellence that results from design thinking is critical for not 
only differentiating their products, but for developing brand identities and for creating new markets 
(Martin 2004; Thornton 2007).  
Generally speaking, computing professionals are not being trained at university to develop the design 
thinking skills that are required for the design of contemporary digital products (Kelley 1996). These 
professionals need to be properly trained to be productive in multidisciplinary design teams and to 
value creative design (Buxton 2007). 
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Design professionals trained in creative disciplines such as architecture, fine arts and industrial design 
have typically developed a more creative thinking process than those trained in traditional computing 
design (Kelley 1996). Design thinking is not taught as a thinking skill, but is developed by the student’s 
critical reflection on his or her own designs and activities, and increased by the critiquing of the 
designs of others (Schön 1991; Hegeman 2008). These activities are typical of the teaching and 
learning methods applied within creative disciplines. 
Traditional computing education is therefore not meeting the needs of the contemporary 
marketplace, where computing professionals have recognised a need to develop a broader 
understanding of creative principles and creative design process (Fry 2006). 
There are some multidisciplinary post-graduate programmes that bring together technology, design, 
communications and business ethics to provide education in this field. Notable examples include 
programmes at Stanford University’s d.school (Stanford University 2009a), the Human-Computer 
Institute at Carnegie Mellon University (Human-Computer Interaction Institute 2009), New York’s 
School of Visual Arts (School of Visual Arts 2009) and the Institute of Design at Illinois Institute of 
Technology (IIT Institute of Design 2009). 
However, standard undergraduate computer science curricula and teaching methods have remained 
essentially unchanged since the mid-1970s (Greenspun 2004) and mainly focus on providing 
theoretical foundations and programming skills (Kornecki 2008). These programmes are adequate for 
producing excellent computer programmers and engineers, but they are not appropriate for 
developing the broader understanding of creativity and design thinking necessary for innovation (Fry 
2006). 
In order to develop design thinking skills, a teaching environment that encourages the development 
of a design thinking approach to solving problems is critical. The traditional design studio teaching 
method used in education programmes within the creative design disciplines creates this type of 
environment. Some computing academics believe that the design studio approach can be used to 
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promote design thinking in traditional computing programmes (Tomayko 1991; Reimer and Douglas 
2003; Schafer 2008; Stolterman 2008; Greenberg 2009a). 
These academics have implemented their own versions of a studio-based teaching method, grounded 
in the concept of architectural design studio courses, with the intention of teaching design skills 
within traditional computing subjects. Notable examples include Professor Saul Greenberg, at Calgary 
University (Greenberg 2009a) and Yolanda Reimer and Sarah Douglas, at the University of Oregon 
(Reimer et al. 2003), teaching undergraduate Human-Computer Interaction (HCI); Ben Schafer, 
teaching undergraduate Artificial Intelligence (AI) at the University of Northern Iowa (Schafer 2008); 
and the Software Development Studio in the Carnegie Mellon Master of Software Engineering 
programme (Tomayko 1991). 
These computing academics recognize that the teaching methods of creative design differ 
significantly from that of the traditional systems design taught in conventional computing 
programmes (Greenberg 2009a). They acknowledge that there are a number of difficulties to 
overcome, and that their programmes do not address all the relevant issues. 
The main difficulties identified by the educators presenting these programmes include the differences 
in time allocation, space and culture between traditional design studio instruction and conventional 
computing departments within universities. The lack of creative design skills and knowledge of the 
lecturers themselves is also a major concern for computing academics wishing to promote creativity 
and design thinking (Reimer et al. 2003; Wong, Kotze, Read, Bannon and Hvannberg 2007; Greenberg 
2009a). 
The papers and other material written by these computing academics describe some aspects of how 
they used traditional creative design studio teaching methods in their computing modules. These 
educators either have experience and understanding of the field of creative design, have done 
research into studio methods, or have obtained assistance from design educators. 
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However, no explicit process for adapting studio teaching for computing education, or guidelines that 
a computing academic with limited creative design experience and knowledge could follow to be able 
to effectively implement such a method, could be found. 
The multidisciplinary post-graduate programmes and studio-based undergraduate modules that are 
currently being offered within computing education are mostly located in the United States. While 
there are some programmes in other countries, to date no similar programmes have been found on 
offer in South Africa, the country in which this research is being conducted. 
Two South African universities offer programmes that incorporate aspects of creative thinking with 
computing. However, neither of these programmes are explicitly intended to teach creative design 
skills to develop design thinking in mainstream computing programmes. 
At the University of Cape Town, the Department of Computer Science offers an Honours graduate 
programme for Computer Science graduates, with one of the aims being “to produce graduates who 
possess the skills that are needed whenever decision making or creative thinking takes place” (UCT 
2009). The programme’s core function is to impart skills fundamental to decision making or creative 
thinking, rather than provide vocational training, thereby developing graduates with communication 
skills and the ability to exercise critical judgment. However, this programme is not fully 
multidisciplinary, and while incorporating team building skills via a team project, it does not utilize a 
design studio approach or the explicit teaching of creative design skills. 
The Witwatersrand University’s School of Arts offers Honours and Masters programmes focusing on 
Digital Arts (Witwatersrand University 2009). These courses are multidisciplinary in the sense that 
they have art, design and technology components, and are open to graduates with bachelor’s 
degrees in the fields of Arts, Engineering, Science and Technology. However, the primary focus of 
these programmes is creative practice with a specific focus on interactive digital media, rather than 
digital products and solutions in general. 
The programmes studied by this research indicate that studio teaching methods could be used to 
teach design skills within a traditional computing environment, leading to the development of 
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creativity and design thinking skills. This research is intended to explore how to adapt studio teaching 
methods to be accessible and usable by computing educators who are design-naive. 
1.2 Relevance of Research 
The aim of this research is to investigate how studio teaching methods could be used within 
traditional computing programmes to integrate creative design into computing education. A model 
that provides explicit and accessible teaching methods will be developed. This will enable computing 
educators from a non-design background, hereafter referred to as non-design computing academics, 
to promote creativity and design thinking within existing computing education environments. 
An explicit studio teaching method, adapted especially for the computing education environment, 
could potentially be introduced into any computing module by any non-design computing academic. 
The desirable outcome of this would be the development of general creative and design thinking 
skills in the students. 
Such an approach, that focuses on a change in teaching method, could result in the promotion of 
creative thinking and innovation in all aspects of digital design and development, throughout a 
traditional computing programme, without a need for changing actual content. Established 
programmes would therefore still comply with standard computing curriculum guides which do not 
yet include creative design skills, such as those of the Association for Computing Machinery (ACM 
2005). 
There is very little material available on best practices for successfully integrating creative design and 
developing design thinking within a non-design environment, or guidelines for how a non-design 
computing academic can gain the skills and abilities necessary for successfully implementing a studio 
teaching method. An explicit studio teaching method for computing education would provide a better 
understanding of what non-design computing academics would require as preparation and skills 
development in order to implement studio teaching successfully within their modules. 
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Most computing academics have little or no understanding of creativity, creative design training or 
creative design experience (Wong et al. 2007; Greenberg 2009a). In contrast, those teaching  in the 
creative disciplines usually have an implicit understanding and knowledge of how to do it, gained 
through years of practice (Hegeman 2008). This research is expected to make some of the implicit 
knowledge more explicit.  
In summary, it is anticipated that this research will contribute to the theoretical knowledge of how 
traditional design studio teaching methods can be adapted and implemented by non-design 
computing academics. It will also propose some practical guidelines as a result of applying the theory 
through a case study. 
1.3 Thesis Statement 
A preliminary literature study showed that it is necessary for computing students to develop design 
thinking skills. A design studio teaching method is an appropriate method to teach creative design 
skills within computing programmes, leading to the promotion of creativity and design thinking. 
However, traditional computing academics generally do not have the requisite knowledge and 
experience for implementing studio teaching methods, as they have not been exposed to creative 
design practice or studio teaching methods.  
It is believed that a generalized model, providing guidelines for teaching creativity and design thinking 
in any relevant module could be used as a tool to enable non-design computing academics to be 
effective in implementing such teaching methods. 
The thesis statement for this work is therefore: Non-design computing academics can implement 
studio teaching methods in traditional computing education, in order to promote design thinking, if 
provided with an explicit model for doing so. 
A set of research questions to test this thesis statement is given in the following section. 
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1.4 Research Questions 
The primary research question, derived from the thesis statement, is: What are appropriate studio 
teaching methods for non-design computing educators to follow, in order to implement studio 
teaching in traditional computing education, thereby promoting design thinking? 
Five subsidiary research questions were developed by analysing the primary research question. These 
questions, the associated research methods and the chapters addressing the questions are 
summarised in Table 1.1. 
#  Research Question  Research Method Chapter 
1 Why is it necessary for computing students to develop 
design thinking? 
Literature study Chapter 2 
2 How does design thinking differ from traditional computer 
systems design? 
Literature study Chapter 2 
3 How is design thinking developed in the education 
programmes of creative design disciplines? 
Literature study. 
 
Chapter 3 
4 How can the teaching methods of creative design be 
adapted for use in traditional computing education? 
Critical analysis of 
existing programmes 
and interviews with 
educators. 
Chapter 3 
5 How can non-design computing academics implement 
adapted design studio teaching methods in their own 
programmes? 
Design of case study 
and thematic analysis to 
test preliminary ideas. 
Chapter 4 
Thematic analysis of 
results of case study. 
Chapter 5 
Reflection and 
synthesis. 
Chapter 6 
Table 1.1 Research Questions, Methods and Chapters 
1.5 Research Methods 
A necessary first step to answering the primary question must be to establish why design thinking is 
thought to be necessary in contemporary digital design practice. Understanding the relevance and 
importance of design thinking for the computing field in general will help to clarify the need for 
computing students to develop design thinking, as this is not currently included in recommendations 
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for computing curricula (Question 1). This will be done through a comprehensive study of the 
literature relating to the field. 
A comparison of the literature describing traditional computing systems design and creative design 
must then be conducted to understand how they differ, and what type of design is specifically 
required by contemporary digital design practice (Question 2). The teaching methods for developing 
design thinking within creative design disciplines must then be identified (Question 3). This will be 
done by analysing existing programmes and conducting interviews with educators. This analysis will 
provide insights with regard to how creative design teaching methods can be modified for computing 
education (Question 4). 
Preliminary guidelines, arising from the investigation of the first four research questions, will be 
tested in an empirical study, in order to gain a better understanding of which aspects of design studio 
teaching methods can be easily embraced by a non-design academic in a traditional computing 
environment, and which aspects will require further inquiry. The empirical study will take the form of 
an exploratory case study in which non-design computing academics will use the preliminary 
guidelines to implement modified design studio teaching methods in their existing computing 
modules. Data will be gathered from these academics and their students and analysed by thematic 
analysis. The results of the analysis will be used to provide input into a proposal for a studio method 
for teaching creativity and design thinking (Question 5). 
1.6 Scope and Constraints 
The dynamic nature of the field of contemporary digital design practice places certain constraints on 
the review of the literature relating to the field. Up-to-date and relevant information is largely to be 
found on the Internet in the form of electronic journal articles, discussion forums, professional 
articles and blogs, with fewer traditional journal sources available. 
Initial guidelines, provided to non-design computing academics, will be refined and proposed as a 
more explicit model from the results and analysis of the case study. The focus of this study will be on 
adapting studio teaching methods for use by non-design computing academics. There will be no 
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measurement of the effectiveness of the studio methods in teaching creative design and promoting 
design thinking in traditional computing courses. This will need to be the focus of future research. 
The empirical study will take the form of one exploratory case study, within a single institution. The 
recommendations arising from the case study results can therefore be viewed as a candidate 
proposal only, and will need to be tested and validated by future research. 
1.7 Structure of the Dissertation 
An overview of the remaining chapters in this dissertation is provided below. 
Chapter 2: Designing in the Digital Domain presents a literature review of the role of creative design 
in contemporary digital design practice. The objective of the review is to establish the importance of 
creative thinking and innovation in the design of digital products, and to explore how learning 
creative design skills can promote and develop creative ability. Current trends in digital technology 
are explored, and their impact on the development of the field of user experience is discussed. The 
role of creative design and design thinking in digital product development is clarified. The nature of 
creative design is examined and compared to that of traditional computer systems design, and 
implications of the differences between the two types of design for computing education are 
explored. 
Chapter 3: Teaching Creative Design presents an analysis of design teaching methods, existing 
programmes and results of interviews with design education practitioners and researchers. The 
objective of the analysis is to develop a model of design studio teaching methods and how they may 
be applied to integrate the teaching of creative design into existing computing modules. An overview 
of learning and teaching styles is presented, along with research related to the learning styles of 
design and computing students. A learning system model is presented and used to describe and 
compare typical design studio and computing teaching methods. Computing programmes using 
adapted studio methods to teach design are examined, and the learning system model is used to 
identify gaps in the methods used within these programmes. 
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Chapter 4: Research Design and Methodology explains the research design and methodology to be 
used to test some of the teaching methods identified in the previous chapter using a case study 
approach. The research will be undertaken from a phenomenological position, using thematic 
analysis to analyse qualitative data, with the aim of identifying explicit teaching methods and 
preparation guidelines that could be followed by non-design computing academics. An exploratory 
case study conducted in the Department of Computing Sciences at the Nelson Mandela Metropolitan 
University (NMMU) is described. In this study, three non-design computing academics used 
preliminary guidelines, developed from principles identified in Chapters 2 and 3, to implement studio 
teaching methods in their computing modules. 
Chapter 5: Results and Analysis describes the methods, processes and results of the case study in 
order to provide information about the studio methods used by the non-design computing academics 
participating in the case study. The successes and pitfalls of applying modified studio methods in 
traditional computing modules, as reported by case study academics and students, are discussed. The 
discussion is based on the preliminary learning system model and gaps in knowledge identified in 
Chapter 3. 
Chapter 6: Recommendations presents the recommendations for integrating creative design into 
computing education. This is in the form of a proposed learning system model for a computing studio 
teaching method that can be implemented in computing modules, by academics from a non-design 
background. The model is developed from the results and analysis discussed in Chapter 5, as well as 
principles identified in Chapters 2 and 3. The model is presented as a candidate proposal to be tested 
and validated by future research.  
Chapter 7: Conclusions presents the conclusions arising from the research. There is a summary of the 
research findings, shortcomings of the research and contributions made, as well as a discussion of 
future, related research.  
In the following chapter, a study of the literature on creative design and design thinking, traditional 
computer systems design and digital design practice forms the basis of a discussion of the importance 
and relevance for the inclusion of creative design in contemporary digital design practice. 
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C h a p t e r  2   
D E S I G N I N G  I N  T H E  D I G I TA L  D O M A I N  
Why is it necessary for computing students to develop design thinking? How does design thinking 
differ from traditional computer systems design? 
2.1 Introduction 
The aim of this chapter is to examine changes in the computing industry that have led to the need for 
contemporary computing professionals and students to develop design thinking (Research Question 
1) and to identify differences between design thinking and traditional computer systems design 
(Research Question 2). 
Current trends that have arisen due to advances in digital technology are discussed and the increased 
importance of the role of creative design in the designing of digital products and systems, or digital 
design, is explored (Sections 2.2–2.4). The nature of and relationship between creativity, design 
thinking and creative design are then examined (Sections 2.7–2.9). Finally, creative design is 
compared with traditional computing systems design and the implications of differences between the 
two types of design for computing education are discussed (Sections 2.10 and 2.11). 
2.2 Current Trends in Technology 
Rapid advances in technology have created great opportunities for developing new types of digital 
products, but also significant challenges with regard to the methods that will be employed in the 
development of digital products and systems (Buxton 2007).  
These advances relate to a shift in focus within the computing industry about what is important. 
Instead of what the computer does, the focus is now on what it communicates and what it can 
provide as a service to the user (Shedroff 2001). 
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Winograd (1997), predicting what would happen in the next fifty years of computing, described what 
he termed “the shifting boundaries” of the computing industry. He anticipated that the focus would 
change from hardware (machinery) to software, to communication, to content. 
Winograd uses the Internet as an example of this change in focus. The original intention for the 
Internet was for it to be a remote computing tool. Instead, it has been widely adopted for the ability 
it provides for users to communicate with each other, via email, newsgroups, real-time chat sessions, 
or simply to have access to large amounts of information. This has created the opportunity for the 
computing industry to create new types of communication-centred applications such as groupware, 
Multi-User Domains (MUDs) and MUD, Object Oriented (MOOs), web service applications and Voice 
over IP (Winograd 1997; Reding 2006).  
The importance of communication to the user can also be seen in the suites of applications that are 
predominantly in use today in office software. The main applications are all communication-oriented: 
email, word processors, presentation packages, file sharing and contact managers. Even 
spreadsheets, originally designed for performing calculations, are often used to communicate results 
and trends. 
Technology has, in fact, changed social interaction, with communication via digital means moving 
beyond the personal computer. A widespread phenomenon is the increase in everyday use of mobile 
phones and other mobile devices (Harper et al. 2007). 
Examples of this changing reality are experienced daily. For instance, in a recent study of the social 
impact of mobile phones in Africa (Vodafone 2005), it was found that improved access to 
telecommunications via mobile phone networks had improved communication between families and 
friends, and reduced travel costs. This was achieved by mobile phone communication replacing travel 
in rural communities that have limited public transport and no fixed-line telephones.  
In another study (Kiesler, Kraut, Cummings, Boneva, Helgeson and Crawford 2002), concern was 
expressed that while the Internet is very important as a communication tool, with the potential for 
positive impact, there could also be a negative impact for those whose online activities take the place 
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of valuable face-to-face communication. Studies are also being done on how social networking 
technologies like MXit and Facebook can be used as tools to innovate education (Vosloo 2008; 
Vecchiatto 2009; Visagie 2009). 
Trends in the digital marketplace that have a direct impact on the requirements of future digital 
design professionals are discussed in more detail below. These trends include the increasing role of 
digital technology in daily life, the new focus on the experience a user has with a digital product and 
the need for creativity and innovation in digital design. 
2.2.1 Digital Convergence, Ubiquitous Computing and Beyond 
Digital convergence and ubiquitous computing, which is also referred to as ubicomp, are terms that 
refer to the ever increasing role of computers in daily life. 
Digital convergence is a process whereby a range of diverse technologies and content merge to 
provide new, multifunction devices and solutions. For example, different media such as books, 
photographs, movies, televisions, stereo systems, letters, posters and telephones, are integrated 
through digitization, and made available to users via a global network, such as the Internet (Paradigm 
2009).  
Baker, Green, Einhorn, Ihlwan, Reinhardt, Greene and Edwards (2004) explain that one outcome of 
digital convergence is an intersection of three substantial industries: hardware and software 
businesses, the consumer-electronics sector, and the communications industry. Large and powerful 
though each of these sectors is, none can deliver what is required alone, but will have to create new 
partnerships and work with each other to forge the future of the entire computing industry. 
Traditional businesses in the hardware and software sectors will need to form new alliances, and look 
for assistance in other areas of business. 
Ubiquitous computing is information processing that is no longer restricted to a personal computer, 
laptop or even mobile devices, but is to be found throughout the built environment (Greenfield 
2007).  
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This change in the function of computing in our everyday lives has led to a corresponding shift in the 
interaction of people with technology. Computer users were previously concerned with the 
computer’s machinery, that is, the processor, its architecture, how it worked and what it could be 
used for. Now, users are more interested in what a device can do for them: in their work, and for 
communications and entertainment (Winograd 1997). 
Products created in the context of digital convergence are prevalent in the daily lives of ordinary 
people. For example, the cell phone is no longer a simple device used only for making phone 
calls (Silverthorne 2006). Many cell phones are now also camera, music and video player, web 
browser, video conference tool, personal organizer and instant messaging device. 
According to Silverthorne, the reasons for the trends towards digital convergence and ubiquitous 
computing are: 
 The continuous improvement of processor technology has enabled hardware manufacturers 
to create devices that are smaller, yet more powerful than was previously possible; 
 Broadband technology has been implemented on a global scale, enabling bandwidth intensive 
applications to operate and exchange information between devices very quickly; and 
 Wireless technology has allowed computers and other digital devices to access both the 
Internet and other networks from a growing number of remote locations. 
The impact that this increased presence of digitization in everyday life will have on the computing 
industry, and how it will be dealt with, is not as clear as the reasons for it happening. What is clear, 
however, is that it has already brought, and in the future will continue to bring, applications and 
services that change technology’s role in society (Reding 2006). 
According to Baker et al. (2004), it is thought that the changes ahead for the computing industry will 
“produce the biggest explosion of innovation since the dawn of the Internet”. Whatever actual 
changes do emerge, what was predicted by Harry Strasser, former CTO of Siemens, seems likely, that 
“digital convergence will substantially impact people’s lifestyle and work style” (Strasser 2009). 
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Reding (2006) concurs, and describes digital convergence as changing not only the Information and 
Communication Technology (ICT) sector, but also influencing the personal and business lives of 
ordinary people. 
The field of Human-Computer Interaction (HCI) is a multidisciplinary academic field which focuses on 
the study of the interaction between people, or users, and computers (Hewett, Baecker, Card, Carey, 
Gasen, Mantei, Perlman, Strong and Verplank 1996). Experts in this field have recognised that there 
are both opportunities and threats presented by the increased presence of digitization in daily life, 
and therefore there is a need to place human values at the core of any new direction for HCI (Harper 
et al. 2007). 
The “HCI 2020” conference was intended to bring together academics and commercial 
representatives from fields relating to digital design in order to discuss the future of HCI. The 
conference report (Harper et al. 2007) provides a comprehensive summary of changing technology of 
the past few decades, and predictions of future innovations. 
The report explains how computers are now part of many materials and objects that fulfil everyday 
roles in our lives, and how advances in technology have created a diversification of interaction 
methods.  
The graphical user interface (GUI) has dominated interaction between people and computers for the 
past twenty years, but new interaction techniques have been developed in the last few years, and will 
become increasingly common. Examples include multi-touch, speech, gesture and eyetracking 
interaction techniques.  
New display technologies are also being developed (Harper et al. 2007). Organic Light Emitting Diodes 
(OLEDs) and plastic electronics are enabling displays that can be embedded in many different types of 
materials, from paper to cloth. Components and devices, for example Micro-Electro-Mechanical 
Systems (MEMS), are being manufactured in very small sizes, thereby allowing very small displays.  
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Displays can also become input devices, by being reactive to touch. Experts are predicting that these 
advances, combined with new forms of mobile devices, will result in increased flexibility in our 
interactions with computing devices and new types of connections to both our local and remote 
environments. 
Photography is one simple example of how digital technology has altered our sense of the world 
(Harper et al. 2007). While the act of taking a photograph has not changed much with the advent of 
digital cameras, what is done with the images, now that they are digital, is very different. Previously, 
one would have printed and displayed a few photographs in prominent positions, or stored them in 
albums. Now, digital images are reproduced many times over, being shown on websites, emailed to 
friends, displayed as slide shows on large screen televisions. By having easy access to strangers’ 
personal photographs, people see images of far-away places and lives, making the world seem a 
much smaller place than it did previously. 
The HCI 2020 report names five major transformations that are affecting how people interact with 
computing technology. These transformations will have many positive effects, but at the same time, 
raise moral and ethical questions regarding their use. 
 The end of interface stability. 
The diversification of interaction methods described above and the altered nature of 
computing devices means the GUI is no longer dominant. Interface methods will continue to 
adapt with new technologies. These new methods will enable easier interaction with digital 
devices; however, they will shift the boundaries between computers and humans, enabling 
both direct and indirect interactions. For example, the development of invisible interactive 
devices means that interactions could be initiated without an individual’s knowledge.  
 The growth of techno-dependency. 
As computing becomes more ubiquitous, or interwoven into the daily lives of ordinary people, 
they will become increasingly dependent on the capabilities provided by technology, even to 
the point where it would not be possible to carry out normal tasks should these technologies 
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suddenly not be available. This raises the question about what skills will become obsolete in 
the future. For example, numeric skills have become less valued than they were before the 
advent and increased accessibility of digital calculators. 
 The growth of hyper-connectivity. 
As communication technologies become more prevalent in the public and private lives of 
ordinary people, they will become connected in new ways. The ability to communicate 
through multiple interactive devices will continue to grow, and the world will become more 
socially connected. This will mean it is easier for people to be in touch with each other. It is 
likely that people will increasingly spend more time doing so, with the ability to respond to 
events and people in global contexts. One of the implications that will need to be explored is 
the concept of more sophisticated, “clever” computers taking on roles previously assigned to 
human beings. Another question relates to the consideration of appropriate social structures 
and practices in a digitally connected world. 
 The end of the ephemeral. 
Increased digital storage capability has allowed the collection and storage of information of a 
nature that would previously have remained unrecorded. For example, closed circuit TV 
cameras record people’s actions; online activities on blogs and social networking sites are 
archived. While these practices make information more easily available, the amount of digital 
data generated is also increased, creating what has been termed an expanding “digital 
footprint”, raising questions about the privacy of personal data. 
 The growth of creative engagement. 
The availability and ease-of-use of a new generation of technology is enabling ordinary people 
to interact with the world in creative ways, through research, hobbies, work or play. 
Increasingly, people will have more flexibility in the tools they use, and the content they are 
able to create and use, expressing themselves in new ways. 
CHAPTER 2 
DESIGNING IN THE DIGITAL DOMAIN 
  Page 19 
These transformations in user interaction with digital products will create new concerns for 
computing professionals in their approach to design (Harper et al. 2007). 
2.2.2 The Experience of the User 
Another factor influencing the development of digital products and systems is the shift in what users 
expect; that is, less focus on a static object, or product, and more emphasis on what the digital 
product offers in terms of associated services and overall experience they have when interacting with 
it (Fulton-Suri 2003). 
Shedroff (2001) explains this in terms of the shift from information being of importance to a greater 
value being placed on experience. He puts this in perspective in terms of the rapid progress of 
information technology. During the latter part of the 20th century, the popularisation of the Web and 
expansion of personal computing in business, education and for private use led to large amounts of 
information being readily available and highly valued. However, consumers are no longer interested 
only in the information provided by a digital product or system. Shedroff believes that information 
alone is of little value. For it to have meaning, it must be presented within the context of the 
experience the user has while engaging with the information. 
This leads to a need for digital designers to consider the user’s experience in the design and creation 
of digital products, and expands their opportunities to create more than static objects (Fulton-Suri 
2003). Increasingly, digital designers are creating integrated solutions that include dynamic 
interactions and services, as well as the static, or discrete, object. 
This means that designers are influencing the user’s entire interaction with the digital product, or 
their experience of it. Moggridge (2007) describes Samalionis’s concept of service design, which 
involves planning and organizing all the components of a service with the intention of improving the 
quality of the service and the interaction between the service provider and its customers, using the 
Amtrak Acela rail service as an example. The Amtrak Acela high-speed rail service, running between 
Boston and Washington in the US, is an example in which the computing system is a small part of the 
whole, with digital touch-points of a system overlapping the physical aspects of travelling in the train. 
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The physical components are interlinked with the digital aspects of online booking and information 
services, information kiosks and signage, and onboard services. 
Phrases such as “the user experience”, “the customer experience” and “designing for experience” are 
now commonly heard in design, technology and business environments, mirroring this new 
consideration (Fulton-Suri 2003; Knemeyer 2008).  
The marketplace has changed in such a way that digital products require a new approach from both 
business management and design and development teams if they are to be successful. Contemporary 
digital products can be perceived in terms of “the design of experience as a new kind of economic 
offering, distinct from the design of products and services” (Fulton-Suri 2003). 
The need for this type of digitally converged product has led to a new economic focus, where 
emotion and the experience of the user come into play.  
The term experience economy has been used to describe this shift in focus (Pine and Gilmore 1999). It 
has also been described as a “shift from information worlds to experience worlds” (Streits, 
Magerkurth, Prante and Rocker 2005); or a change from an industrial economy, based upon mass 
production of commodities, through a digital economy with the focus on the design of information 
and its successful transformation into knowledge, towards an economy where the focus is on the 
experience of the consumer (Dubberly, Forlizzi, Hodge, Shedroff, Laurel, Lyman, Meggs and Morville 
2003). 
Nokia discovered with their unsuccessful N-Gage, a handheld phone and gaming device released in 
2003, that the design of products in this marketplace is not straightforward (Baker et al. 2004). While 
it is a relatively easy task for skilled technicians to combine a variety of digital technologies into a 
single device with multiple purposes, developing the required relationships and marketing techniques 
for it to be usable and successful is not simple at all. It requires input from all sectors of the business. 
By contrast, a small company called Tiger Telematics Inc in Florida used components from a variety of 
manufacturers to produce a successful handheld device, the Gizmondo (Baker et al. 2004), also in 
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2003. It was a gaming device that included GPS, video, a music player and text and photo messaging, 
and sold well at a cost of $US400, which was in line with the popular Sony gaming devices of the time. 
2.2.3 Creative Skills and Innovation 
Florida (2002) believes that creativity plays a vital role in the generation of innovation and economic 
growth in the new economy. He describes a new type of professional appearing, dubbing them “the 
creative class”: 
“...the creative class also include ‘creative professionals’ who work in a wide 
range of knowledge-intensive industries such as high-tech sectors, financial 
services, the legal and healthcare professions, and business management. 
These people engage in creative problem-solving, drawing on complex bodies 
of knowledge to solve specific problems.” (Florida 2002) 
A recent United Nations Creative Economy Report (UNCTAD 2008) uses the term creative economy to 
describe the new era of experiential technology. It recognises that the world is in an era of 
transformation where the links between creativity, culture, technology and economics will lead to the 
generation of intellectual capital.  
In this new economy, the ability to generate intellectual capital is key to income, job creation and the 
improvement of social development. Success is based on ideas, or intellectual property, rather than 
physical capital (Coy 2000). 
Creative industries are viewed as among the most dynamic sectors in current world trade, offering 
opportunities to both developed and developing countries (UNCTAD 2008). Creative industries are 
loosely defined as being “at the crossroads of the arts, culture, business and technology”. Intellectual 
capital is the primary input for these industries that create, produce and distribute a range of goods 
and services, from traditional forms publishing, music and visual arts to technology-intensive and 
service-oriented endeavours such as film, television, new media and design. 
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The technology sector plays an essential role in these industries, being central to the creation of 
products such as audiovisual and new media. Technology is the means by which digitized multimedia 
content is accessed and distributed, and provides essential support systems in other sectors of the 
industries. 
These trends, which can be summarised as an increased profile of digital technology in the lives of 
ordinary people, have created a new approach to the design of digital products. This will be discussed 
in the next section. 
2.3 A New Approach to Digital Design 
The goal of those working in the field of digital design has moved from that of effective 
communication of information or efficient completion of tasks to the facilitation of a satisfying overall 
experience for the user of the system or product (Streits et al. 2005). 
This requires a focus on designing interactions and other facets that will result in a good user 
experience, as well as the more traditional focus on the design of the product itself. Design of this 
nature necessitates a greater awareness of what is occurring in the environment in which the user 
will be operating, the human values relevant to the context in which the product will be used, and 
informal communication between those working together on the project team. As it was expressed in 
the report of the HCI 2020 conference: 
“Do we simply let technological advances dictate what it will mean to be 
human in the age of ubiquitous computing or can ... an interdisciplinary 
community of researchers, practitioners and designers become more 
proactive in helping to shape society’s new relationships with computer 
technologies?” (Harper et al. 2007) 
Winograd (1997) cautioned that the shift in focus in computing towards human values and the user 
experience would lead to a gap in knowledge, as traditional computing professionals are typically 
unfamiliar with the techniques and processes necessary for developing human-centred products. 
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This gap has led to a collaboration between professionals from the various disciplines, in order to 
design the complex digital systems and products found in today’s marketplace. 
The composition of the professionals making up the computing industry has altered to cater for the 
new focus. According to Winograd (1997): 
“Many of the most exciting research and development in  computing... will be 
aimed at enhancing our ability to understand, analyse, and create interaction 
spaces. The work will be rooted in disciplines that focus on people and 
communication, such as psychology, communications, graphic design, and 
linguistics, as well as in the disciplines that support computing and 
communications technologies.” 
The gap to which Winograd referred is not only about the lack of human-focused skills in the training 
and experience of programmers and digital system designers, but also in the lack of technological 
understanding in the training and experience of graphic artists and other designers, who have 
traditionally aided the design of digital systems.  
Contemporary designers from different disciplines work together in teams, towards the achievement 
of common goals, as input and expertise from a wide range of areas is required (Knemeyer 2004). 
These disciplines include design-oriented domains such as information architecture, interaction 
design, usability engineering, graphic design, industrial design and HCI, as well as the more traditional 
computing fields such as software engineering, programming and electrical engineering. 
These multidisciplinary teams, as described by industry observers such as Winograd (1997), Fulton-
Suri (2003), Streits et al. (2005) and Baker et al. (2004), have led to the development of a new 
domain, with the focus relating to the development of digital products that facilitate a satisfying user 
experience. 
Rosenfeld (Knemeyer 2004) explains that in these teams, there is a need for the development of 
common terms and concepts that all members of a team, across disciplines, can use to communicate 
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effectively. In the same way, methodologies using existing tools and techniques from a wide range of 
traditional fields must be adapted and applied across different disciplines. 
To facilitate this, many of the communal gatherings such as conferences, seminars and workshops in 
the design and computing communities worldwide have opened to all perspectives and backgrounds 
(Instone 2005). Practitioners from diverse fields such as art and architecture, computer science, 
psychology, ethnography, and various user-centred design practices all have the core skills of their 
own professions, but are also finding that they have much in common. The area of overlap, the topic 
that is of interest to each, is the idea of the new focus relating to the user experience. 
Although Winograd suggested the new domain be called interaction design, a number of terms are 
currently used interchangeably for this emerging discipline. Its terminology and status are still in flux 
(Knemeyer 2008), and it is often referred to as experience design, user interface design and user 
experience.   
The term User Experience has come to be used as an umbrella term, not a discipline itself, that 
provides “creative direction” so incorporating the different disciplines that are necessary for the 
successful design of contemporary digital products (Instone 2005; Saffer 2008). However, as 
Knemeyer (2008) puts it: 
“...the more our space grows, the more confused and chaotic is our collective 
understanding of the meaning of these terms.” 
There have been a number of attempts to define the disciplines and terminology that make up the 
multidisciplinary field of User Experience, three of which are shown below (Figure 2.1, Figure 2.2 and 
Figure 2.3). These disciplines include, amongst others, Interaction Design, User Interface Design, 
Information Architecture and Information Design.  
Figure 2.1 shows an early attempt at explaining the field, created as part of a series of articles 
published in the May and June 2005 issue of Interactions, one of SIGCHI’s journals, under the banner 
“User Experience: Whose profession is it anyway?”. This series featured articles written by key 
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practitioners and researchers in the related disciplines, each giving their own perspective and 
rationale about the positioning of User Experience, by whatever term it was to be known, within the 
group of related fields. 
 
Figure 2.1 The User Experience Design Community, adapted from Sherman and Quesenbury (2005) 
Dan Saffer’s more recent diagram (Figure 2.2) shows User Experience as fulfilling the role of an 
overarching term, serving to link a range of fields and disciplines that all play their own part in 
designing and developing complex digital products and solutions. 
Preece, Rogers and Sharp’s (2002) diagram of the field of Interaction Design (Figure 2.3) shows how 
Interaction Design can be defined in much the same way as User Experience, hence the overlap in 
terminology. 
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Figure 2.2 User Experience Disciplines, adapted from Saffer (2008) 
 
Figure 2.3 Interaction Design, adapted from Preece et al. (2002) 
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This multidisciplinary approach is not an entirely new concept in the domain of computing. HCI is a 
well-established field in computer science with multidisciplinary roots and interests (CHISIG 2008). 
User Experience is a multidisciplinary field that has its roots in user-centred design principles, while at 
the same time drawing from non-computing fields such as psychology, anthropology, architecture, 
ethnography, industrial design, graphic design, communication design, brand management, and 
heuristics (Gabriel-Petit 2005; Knemeyer and Svoboda 2005; Paluch 2006). User Experience takes a 
broad approach to include professionals from the many specialized disciplines that contribute to the 
creation of a satisfying experience. Each of the different specialities has its own distinct role to play, 
and as it is very unusual for one individual to have the necessary skills and knowledge required by all 
the necessary disciplines, the design for the user experience is generally practised in multidisciplinary 
teams. 
The new digitally converged medium cannot rely on the conventions of either traditional print media 
or those of older digital technology to be successful (Winograd 1997). Designers of digitally converged 
systems therefore need to work in teams with members from a variety of disciplines to develop new 
principles and practices that uniquely exploit the scope and fluidity of the increased interactivity that 
the medium brings. 
The move towards multidisciplinary project teams is one of the defining characteristics of the field of 
User Experience (Bogaards et al. 2005). These multidisciplinary teams will be made up of computing 
and design professionals from a range of disciplines, working together with the goal of developing for 
a satisfying user experience. When designing for a satisfying user experience, the company’s products 
and services are all part of the User Experience, and not just the interaction with the product. 
2.4 The Role of Design 
The multidisciplinary approach necessary for the creation of  contemporary digital products has led to 
a change in the role of design in the development of digital products and systems. The role of design 
in the digital domain is being seen to be of equal importance as the programming of code, contrary to 
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the practices of the past (Buxton 2007), for example, when visual designers are brought in towards 
the end of the development of a product to fix a problem with usability (Rundle 2007). 
Buxton (2007) believes that there is a danger that innovation will be stifled rather than encouraged if 
digital designers continue to work within the traditional computer systems design paradigm. 
Traditional methods are still grounded in conventional ideas of computing and technology, for 
example the PC, the Internet and web browsers, and the GUI. Traditional approaches are not 
adequate to take advantage of new developments in technology, and contemporary digital designers 
will need to employ new methods, attitudes and skills to ensure that user-centred design practices 
that also encourage design and innovation become an integral part of the development process 
(Rundle 2007). 
As Kapor (1991) said nearly two decades ago in his influential Software Design Manifesto, in which he 
drew attention to the role of design in software development: 
“The lack of usability of software and the poor design of programs are the 
secret shame of the industry. Given a choice, no one would want it this way. 
What is to be done? Computing professionals themselves should take 
responsibility for creating a positive user experience. Perhaps the most 
important conceptual move to be taken is to recognise the critical role of 
design, as a counterpart to programming, in the creation of computer 
artifacts.”  
Much has changed since then. For example, user-centred design processes and usability testing are 
now common practice as part of the digital design process (Anderson, Instone, Knemeyer, Mazur and 
Quesenbery 2005). The advances in technology and demands of the marketplace, however, require 
those creating digital solutions to be able to be innovative and creative in order to develop successful 
products. Computer scientists, through both training and preference, tend to focus on writing code, 
or the development phase of a project, with less emphasis on the creative, design phase (Kapor 1991; 
Buxton 2007). 
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The collaboration between traditional programmers, creative designers and marketing professionals, 
and the subsequent development of multidisciplinary digital design teams, has come from both 
creative designers and programmers (Knemeyer 2004). 
This collaboration began with the growth of the Web as a popular medium of communication, 
interaction and information dissemination. Web programmers, driven by the design challenges the 
new technology brought, recognised a need to collaborate with professionals in fields different from 
their own. Input was required from creative design and marketing professionals to be able to access 
the mix of skills needed to create effective designs for the new technology. 
In its multidisciplinary role, with a focus on designing for the user experience, design has become 
more integral to the digital product development process (Fulton-Suri 2003). As 
Crampton Smith (2007) says: 
“So today we need to design computer technology differently, to make it a 
graceful part of everyday life, like the other things we own: our clothes, the 
plates we eat off, the furniture we buy for our houses. We've come to a stage 
when computer technology needs to be designed as part of everyday culture, 
so that it's beautiful and intriguing, so that it has emotive as well as 
functional qualities.”  
This focus on the emotive and experiential aspects of digital products means it is becoming necessary 
for creative designers to be consulted and included in the multidisciplinary teams from the beginning 
of a project right through to its completion. This is in contrast to what had traditionally been the case, 
when designers were brought in after the key decisions had already been made by the developers 
(Buxton 2007). 
The field of design itself has changed dramatically with the changes brought about by technology 
(Lombardi 2005). Traditional design is intersecting with other fields such as information architecture, 
information design and experience design.  
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Many traditional print designers no longer practise in the paper-based domain, but have become 
online designers. Creative designers are producing more than design artefacts; together with project 
team members from other disciplines, the new approach is enabling traditional designers to move 
into the new field of facilitating entire user experiences.  
As digital products have become more similar in terms of the application of a specific technology, 
many businesses are turning to design as the key to differentiate their products from those of their 
competitors. 
The introduction of the Apple iMac in 1998 is a good example of this trend. Prior to its launch, Apple 
was losing market share (Buxton 2007). The success of the iMac turned the company’s fortunes 
around, yet the key differences between the iMac and previous Apple machines were in its external 
appearance, not a major change in how the user interacted with the computer. As Buxton says: 
“The style of these machines gave them character that clearly resonated with 
people, and helped reshape their perception of what a computer might be 
for.” 
According to Fulton-Suri (2003), “designers are creating integrated and dynamic integrations with 
objects, spaces and services and helping companies with more strategic decisions”.  This is different to 
what has happened traditionally, with the decision makers in business coming from the marketing or 
engineering fields, and the designers providing creative, but not strategic input. 
However, as digital products have become less differentiated with regard to technology, 
functionality, cost and quality, many large corporations have recognised that the marketplace has 
developed to a point where design excellence is critical (Breen 2007). It is design that can 
differentiate their products, create brand awareness and develop new markets. Executive 
management, especially in the United States, is increasingly introducing the role of Vice-President of 
Design or Chief Design Officer, often reporting directly to the CEO. 
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This development clearly demonstrates the increased importance and power of design in the 
corporate arena. 
2.5 Creativity 
Creative people are often thought to have the ability to create things spontaneously, or generate 
“something from nothing” (Fry 2006). This is not the case, as every creative idea has some basis in 
what already exists.  
Fry quotes fantasy artist James C. Christiansen: 
“Nothing comes from nothing. Every original thought is based on information 
we already have... Whether by a methodical process or by sheer serendipity, 
all new ideas come from the combination of existing concepts put together in 
ways that no one has ever done before. That’s how imagination works.” 
De Bono (2009) believes that people generally misunderstand creativity: 
“Many people believe that, if you create a mess, then you have created 
something new and theoretically, you are therefore ‘creative’. The production 
of something that was not there before implies creation without any regard 
to the value of that creation. Indeed, many people have come to believe that 
being different for the sake of being different is the essence of creativity.” 
De Bono uses the term “idea creativity” to refer to creativity that also indicates change, newness and 
value. This is the type of creativity required in contemporary digital design. 
“In a free-trade world the only differentiator is going to be creativity. With 
creativity you use the commodities to deliver new products, new services and 
new values.” 
CHAPTER 2 
DESIGNING IN THE DIGITAL DOMAIN 
  Page 32 
Creativity, however, is not dependent on imagination alone. De Bono (2009) professes that creativity 
is a skill that can be taught. Fry (2006) discusses four characteristics of creativity that explain how 
creative ideas do not “come out of nowhere”: 
 Flexibility is the way a creative person will approach a problem from various angles. 
 Fluency is necessary to generate many ideas from which to select an appropriate solution. 
 Novelty is about the originality or uniqueness of an idea. 
 Definition refers to the concept that a creative idea is not vague; it is specific enough to be 
understood and discussed. 
Furthermore, Fry goes on to explain that there are different types of creativity, and two major types 
of thinking in the creative process. These types of thinking, or thought processes, have been 
described in different ways, by different people, and will be discussed in the next section. 
2.6 Ways of Thinking 
No two researchers or professionals will define creativity and creative thinking in the same way 
(Buxton 2007; Stolterman 2008). However, similar concepts are expressed by various researchers and 
writers on the subject, albeit described with different terminology. These concepts, which include 
design thinking and traditional thinking (de Bono 1999); wicked and tame problems (Rittel and 
Webber 1973); problem setting and problem solving (Schön 1991; Buxton 2007); and convergent and 
divergent thinking (Fry 2006), are discussed below. 
According to de Bono (1999), design thinking is at the heart of the generative qualities of creative 
thinking. He believes that design thinking is a distinct thinking skill, different to the traditional mode 
of thinking, and that design practice is rooted in this skill. 
De Bono summarises the difference between the more traditional mode of thinking and design 
thinking as follows: traditional judgment thinking is based on pattern-recognition, which includes 
logic, analysis and judgment; and design thinking is based on new pattern-creation.  
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De Bono also differentiates between the two types of thinking in terms of the outputs. The desired 
output of traditional thinking is the truth, or perceived truth (“what-is”), whereas the main output of 
design thinking is value (“what-can-be”). 
Rittel and Webber (1973) discuss traditional versus design thinking in terms of the type of problems 
each mode is appropriate for solving, which they define as being “tame” (traditional thinking) or 
“wicked” (design thinking). Their discussion relates to a comparison between scientific problems and 
the type of problems in planning systems; however, this concept can also be used to compare 
traditional, scientific thinking with creative, design thinking. 
Tame problems, or those typically addressed with traditional thinking, have a clear problem 
definition, and it can therefore be clearly seen whether or not the problem has been solved. Wicked 
problems, on the other hand, are not clearly defined, and have no clear solution. This is comparable 
to de Bono’s idea of “what-is” versus “what-can-be”. That is, a tame problem can be resolved by 
reaching a truth, or “what-is”, whereas the resolution of a wicked problem depends on the perceived 
value of the solution, or arriving at a suitable “what-can-be”. 
The key characteristics of wicked problems can be described as follows (Rittel and Webber 1973): 
 Wicked problems have no definitive formulation.  
What this means is that defining the problem is essentially the same as finding the solution. 
One cannot understand the problem without knowing the context within which it must be 
solved, and as one searches for a solution, one comes more fully to understand, or define the 
problem itself. 
 Wicked problems have no stopping rule, and no specific set of potential solutions.  
There are no criteria that explain when the solution has been reached. One can always strive 
to improve on the resultant solution, because the process of solving the problem is the same 
as that for understanding its nature. One would stop working on a problem, not because it 
has been “solved”, but because one believes one has reached a point that is “good enough”, 
or satisficing, a term coined by Herbert Simon (1976). 
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 Solutions of wicked problems are not true-or-false, but good-or-bad.  
This is comparable to de Bono’s value-based design thinking. There are no right or wrong 
solutions to wicked problems; the assessment of the solution is based on a perception of the 
value of the solution in relation to the problem scenario. 
Schön (1991) and Buxton (2007) describe traditional and design thinking, or solving tame and wicked 
problems, as “problem setting” versus “problem solving”. The “problem solving” approach can be 
described as being characterized by asking the question How do we build this? In contrast, the 
“problem setting” approach does not make the assumption that the problem is clearly defined, and 
the criteria for the solution already known, and first seeks to understand the context by asking What 
is the right thing to build? Attention to both problem setting and problem solving is critical to the 
success of the design process. 
Another approach recognizes the two major thought processes as convergent and divergent thinking 
(Fry 2006). 
Convergent thinking can be described as an ability to use logical and evaluative thinking to identify 
criteria or ideas that will lead to the best solution to a given problem. It emphasizes speed, accuracy 
and logic, and focuses on recognizing the familiar and applying it to the current problem. 
Divergent thinking, on the other hand, aims to generate many ideas from one given starting point or 
trigger idea. It emphasizes learning about the problem and developing several ideas for solutions by 
exploring the unusual and unexpected. 
Traditional thinking is typically a convergent process, whereas creative thinking is more divergent  
(Fry 2006). But while traditional thinking is more logic-based than creative, design thinking (de Bono 
1999), this does not mean that traditional thinkers cannot also be creative.  
2.7 Design Thinking 
Design thinking is a term that has been commonly used in relation to creativity and the creative 
design disciplines. Recently, it is being used to describe a way of thinking that is seen to be central to 
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business success in the 21st century, with its crucial role in the processes that generates innovation 
(Martin 2004; Thornton 2007). 
The economics of competition are changing as information becomes more accessible (Martin 2004). 
Intellectual capital has gained greater value, and is also less protected. This is leading to the need for 
new economic models that must be able to embrace risk, as opposed to the old models that focused 
on minimising risk. This is another facet of the new “creative” economy discussed in Section 2.2.3. 
Design thinking, viewed as capable of producing “transformation innovation” may be useful in 
developing such models. 
As Stanford University’s d.school says: 
“We believe having designers in the mix is key to success in multidisciplinary 
collaboration and critical to uncovering unexplored areas of innovation. 
Designers provide a methodology that all parties can embrace and a design 
environment conducive to innovation. In our experience, design thinking is the 
glue that holds these kinds of communities together and makes them 
successful”. (Stanford 2009) 
A  number of different definitions for design thinking are emerging, with the following commonalities 
(Fry 2006): 
 Design thinking is a creative process; 
 Design thinking is multidisciplinary; 
 Design thinking is based in a specific context that is user- or human-centred; and 
 Design thinking has some form of physical expression as part of the process, for example 
sketching or prototyping. 
The key difference between the traditional role of creative design and design thinking in 
contemporary business is subtle (Brown 2009). It involves the strategic contribution that design 
thinking can add to create new and improved products, services and experiences. 
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The emphasis in design of digital products was previously placed on other approaches, but now 
design thinking is being seen as having value. Brown cautions that it is important for successful design 
to integrate all the different approaches into the design process, and ensure that design thinking is 
not viewed as the perfect and only approach to solving current problems. 
2.8 Design Thinking and Creativity 
Creativity is a major aspect of design thinking, but creative thinking can be applied in situations that 
are not related to design. What then is it that differentiates design thinking from creative thinking in 
general? 
As mentioned in Section 2.7, design thinking has four aspects, the first of which is a creative process. 
The other three aspects are what differentiate design thinking from general creativity (Fry 2006): 
 Design thinking is multidisciplinary, often team-based, to ensure that a problem is 
approached from a variety of viewpoints; 
  Design thinking is user- or human-centred, because design is specifically about making things 
for other people, as opposed to certain creative activities, such as Fine Art, where the focus is 
not on producing results for others to use. 
 There is a physical aspect of design thinking which is part of the thought process, for example, 
sketching and prototyping. This physical aspect is used in design thinking not only as a means 
of communicating ideas, but as part of the process the designer uses to develop and 
understand his own thinking. It helps bring clarity to a problem, and to make the solution a 
reality even before the designer has it “right”. 
Design thinking is integral to the creative design process, which will be explored in more detail in the 
following section. 
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2.9 The Nature of Creative Design 
Design has different meanings depending on its context, and is given different meanings by various 
groups of people (Lawson 2006). As Lawson says: “the very word ‘design’ is the first problem we must 
confront”. According to Buxton (2007), in a room full of professionals, almost everyone will have a 
different definition of design, with the definitions covering such a wide range that design could be 
interpreted to be almost anything. 
In this study, when the word design is used alone, it generally refers to creative design. When 
referring to traditional computer science design or engineering design, the word design is generally 
qualified to indicate the type of design being discussed. Section 2.10 explicitly compares these two 
different types of design. 
Most designers have difficulty articulating what it is they do (Hegeman 2008), which leads to a lack of 
elucidation of design practice and principles. For example, designers can generally describe methods 
or steps they follow in their process, but are typically unable to explain how they decide they have 
reached the final, “right” solution.  
Sometimes, design is perceived as a mystical, or even haphazard, way of working.  Designers have 
difficulty communicating what they do, or do not themselves clearly understand the nature of the 
design process, but work from an implicit or intuitive understanding. 
As Hegeman (2008) explains, this is in fact not so. Design has its own rigour, discipline and logic. It is 
possible to describe the underlying rationality of design and design practice. This understanding has 
been described using concepts such as the thoughtful designer and the reflective practitioner 
(Stolterman 2008). 
A number of books have been written recently by designers practising and researching within the 
field of digital design, making a substantial contribution to the understanding of design practice 
(Stolterman 2008). Notable examples are: Sketching User Experiences by Bill Buxton (2007), Designing 
Interactions by Bill Moggridge (2007) and Thoughts on Interaction Design by Jon Kolko (2007). These 
CHAPTER 2 
DESIGNING IN THE DIGITAL DOMAIN 
  Page 38 
three authors describe themselves more as practitioners than researchers, all having strong design 
backgrounds with extensive experience in practice. 
There are common elements to design practice across the spectrum of design disciplines, despite the 
many different definitions of design and the different methods and processes followed in the 
different design disciplines (Lawson 2006; Hegeman 2008).  
These common elements can be examined to describe the nature of creative design and its 
relationship to creativity. They present the foundations of design as a unique human activity, with an 
approach that can be labelled designerly and is soundly based in design practice (Stolterman 2008).  
The discussion that follows examines common elements of design practice and thinking. 
2.9.1 The Creative Design Process 
The creative design process requires both divergent and convergent thought processes to result in 
successful outcomes (Fry 2006; Buxton 2007). 
In the creative design process, one thinks divergently, to generate multiple ideas, with the focus 
being on developing a large quantity of different ideas. Then, the focus shifts to developing quality, 
using convergent thinking to narrow down and refine ideas. This process is repeated throughout the 
entire creative design process, as shown in Figure 2.4. 
Figure 2.4 shows Pugh’s concept of the design funnel, describing how the creative process alternates 
between the generative process of divergent thinking and the reductive process of convergent 
thinking in order to refine a design idea (Buxton 2007). Pugh uses the terms concept generation and 
controlled convergence to describe the two types of thinking as the overall process gradually 
converges to the final product. 
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Figure 2.4 Pugh’s Design Funnel, adapted from Buxton (2007) 
Another way of expressing a similar concept, is that the design process requires both imagination and 
reason (Hegeman 2008). Imagination is the thinking of fantasy, essential for innovation, leading to 
de Bono’s “what-can-be”. Imagination draws from personal experience, making connections in a 
relatively unstructured way. However, imagination, in the context of design, is always directed 
towards solving a real-world problem outside of the individual. The ideas that result from an 
imaginative, divergent process, will need to be evaluated in a rational, reasoned manner to assess 
their relevance to the problem. As Lawson (2006) states: 
“...control and combination of rational and imaginative thought is one of the 
designer’s most important skills.” 
2.9.2 The Importance of Sketching 
The physical aspect of design thinking, and specifically sketching, can be viewed as central to the 
design process (Buxton 2007). Buxton asserts that sketching is integral to design thinking. The value in 
sketching is not primarily in the ability to produce sketches as a method to represent or explain ideas 
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that are already clear in the mind of the designer. While sketches are used effectively in this way, the 
greater value lies in the use of sketches to try out ideas that are as yet not fully developed, or vague 
in the designer’s mind. The sketch functions as a concrete representation of an internal, abstract 
idea, and helps the designer to clarify shortcomings as well as to identify potential advantages that 
may not have initially been envisaged.  
“Sketching is a disciplined way of exploring the relationships between diverse 
design ideas, between a whole and details, between form and function, 
between materials and appearance, etc.” (Stolterman 2008) 
The concept of sketching is not limited to drawing and doodling (Buxton 2007). For example, in 
writing, drafts fulfil a similar function in the development of ideas (Fry 2006). The draft helps to make 
abstract ideas concrete, upon which the writer can reflect, and then refine in a further draft.  
The writing of this dissertation provided a relevant example, modelling this process for the 
researcher. The actual writing of the dissertation helped clarify the ideas and concepts being 
researched, which were then further clarified in the next draft, and so on, in an iterative design cycle. 
If the word “rendering” is substituted for sketching, greater possibilities for the development of ideas 
become available. As technology changes, designers have access to new methods of rendering their 
ideas that go beyond the traditional pen and pencil. 
2.9.3 Parallel Ideas 
One of the crucial aspects of sketching is the way it allows designers to explore many alternative 
designs in parallel, in an iterative way (Stolterman 2008). This is an important aspect of the designerly 
mode of thinking.  
Design thinking is not simply the ability to come up with a variety of ideas, then choose one to 
develop. Rather, a number of alternatives are explored and developed simultaneously, with the 
designer being willing to sustain many incomplete and sometimes vague aspects of the situation, 
without trying to resolve these issues too soon in the design process (Hegeman 2008).  
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This helps to inform the direction that should be taken, and allows the designer to choose the best of 
all the alternatives at a point when many shortcomings and possibilities have already been exposed. 
2.9.4 Reflection-in-Action 
Schön (1991), author of The Reflective Practitioner, describes a process he calls reflection-in-action. 
This process can be described as the ability to think critically and analyse actions that have been 
carried out intuitively, or with tacit knowledge.  
Schön suggests that a designer’s reflecting-in-action, in the context of the design situation, is a 
dialectic process, or conversation, that constitutes rigour in design thinking and design 
process (Hegeman 2008). The development of parallel lines of thought, as described in Section 2.9.3, 
requires the designer to have a “conversation” back and forth between ideas. 
Lawson (2006) explains reflection-in-action in relation to the learning of a new skill, such as playing a 
musical instrument, or learning to play a sport. A beginner must think consciously about every action, 
and how they are related to each other: timing, position, pressure, and so on. With much practice, 
the skill becomes subconscious, and an expert no longer thinks about the details of the skill that has 
been developed. In much the same way, a practiced designer does not think about the process, 
techniques and thought processes, that must be followed. This also goes some way to explaining why 
designers have difficulty explaining their process, as the skills and knowledge have become 
subconscious, or tacit, with practice. 
Reflection-in-action helps designers deal with the wicked nature of design situations (Hegeman 
2008), by allowing them to pose the question “What-if?” It is then possible to analyse the inferences 
of the question, and begin to better define or frame the problem. This is analogous to de Bono’s idea 
of design thinking in terms of “what-can-be”. 
This practice of questioning and analysing the consequences is part of the discipline and rigour of 
design practice, subconscious though it may be for the experienced designer.  
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2.9.5 Design Knowledge and Judgment 
The designer’s ability to make critical judgments is a key to successful outcomes of the design 
process (Hegeman 2008). This ability comes from reflection, practice and experience, and is part of a 
designer’s intuitive design knowledge and design judgment.  
As a designer’s skills develop and become a subconscious part of the design process, so these abilities 
become intuitive. However, they have a very concrete basis. Design judgment and knowledge are 
grounded in the designer’s specific understanding of the particular design situation, its context, and 
the intention of the desired outcome. 
The nature of design thinking and creative design is not easily summarised, as can be seen by the 
variety of descriptions and terms used by different authors writing about it. However, the concept 
that creative design is viewed as a skill, which can therefore be taught and developed, is central to 
this study. 
2.10 Design Thinking versus Traditional Computing Design 
Section 2.6 described two broad methods of thinking that are typically associated with either creative 
thinking or the more traditional mode commonly associated with scientific disciplines. 
These two methods of thinking have been identified as being used at different stages within the 
creative process (Section 2.9.1). Whatever terminology one chooses to use to describe the thinking 
approaches, each is used to achieve a different end result, and as such, is commonly attributed to 
different disciplines. 
Convergent thinking is the more logical, traditional, or reductive, type of thinking typically used for 
solving well-defined, or tame, problems (Fry 2006). It is seen to be at the core of scientific and 
engineering processes.  
Divergent thinking is stereotypically seen as a creative approach, and is an integral part of industrial 
and other design processes. Let us examine why this is so. 
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2.10.1 Complexity in Design and Science 
Stolterman (2008) argues that while it is generally accepted that science “has been extremely 
successful in dealing with complexity in the process of uncovering the mechanisms and structure of 
reality”, scientific methods and approaches are not inherently transferable to or suitable for the 
practice of design. 
Stolterman states that the aim of the scientific method is to formulate universal knowledge that 
explains the complexities of reality in a way that is removed from any specific or particular context. 
Design deals with almost exactly the opposite of science: its focus is the specific and particular, and 
the creation of something that does not yet exist.  
This is a similar concept to what de Bono has suggested when referring to the intention of traditional, 
scientific thinking as being to discover the “truth”, whereas the intention of creative, design thinking 
is more concerned with discovering or creating “value” (see Section 2.6).  
The debate between reductionism and holism also relates to what has been termed “one of the 
fiercest discussions among natural scientists and humanists in the 20th century” (Ostreng 2007).  
Reductionism, the scientific viewpoint, holds that one can break a complex system into its 
components, study each part individually, and so understand the dynamics of the whole system 
(Ostreng 2007). Holism, on the other hand, assumes that the properties of the parts cannot be 
understood in isolation, but only through the dynamics of the whole. In holism, as in Gestalt theory, 
the whole is more than, or different to, the sum of its parts. The focus is on the relationships between 
the parts, rather than the individual parts. 
Ostreng (2007) notes that while this debate has previously led to two separate research cultures, 
there is a growing understanding that they are not necessarily contradictory. The differences arise 
from the difference in focus, but if the approaches are put together, they are in fact “supplementary 
rather than contradictory... inclusive rather than exclusive”. This is similar to the notion that both 
divergent and convergent thinking are necessary to the creative process. 
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Stolterman (2008) maintains that the context of any design situation is of the utmost importance. The 
goal of the designer is to create what he calls the ultimate particular, a concept that for design has as 
much importance and credibility as the universal truth does for science. The ultimate particular is the 
result of an intentional design process, and is designed for a specific purpose, for a specific client or 
set of users, with specific functions and characteristics, and within a context of limited time and 
resources. It is, in these terms, non-universal. 
The goal of science, reaching the universal truth, can be seen as an attempt to explain, or reduce, the 
complexity of reality (Stolterman 2008), that is, reductionism. Design, on the other hand, must always 
deal with the whole, or all aspects of a situation, that is, holism.  An outcome or product of less value 
would be reached, if an attempt was made to reduce the complexity by addressing only some of the 
aspects. 
Stolterman (2008) discusses the work of a number of key researchers in this area, including Rittel and 
Webber (discussion in Section 2.6) and Donald Schön (whose work is referred to in Section 2.9.4), and 
arrives at the conclusion that dealing with complexity in science and design fields are “different 
activities with different purposes, outcomes and measures of success”.  
Stolterman advocates that while science has, over a longer period of time, developed rigorous and 
disciplined methods and approaches, the field of design has its own rigour and discipline in its 
methods of dealing with complexity, although these are as yet insufficiently documented by 
researchers. 
2.10.2 Creative Design in Computing 
One of the key differences in how scientists and designers deal with complexity is related to the type 
of thinking employed in their design processes. Design practice is comparable to the idea of solving 
“wicked” problems, as proposed by Rittel and Weber (1973). Scientific disciplines, on the other hand, 
are “tame” (Section 2.6).  
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A tame discipline deals with tame problems, or problems that can be defined separately to the 
solution, and so solved, having a clear end point. In a “wicked” discipline the problem and solution 
are inseparable, so one needs to proceed in such a way as to explore different alternatives. Indeed, it 
is by exploring various possible solutions that the problem itself is more fully understood. A wicked 
problem can have more than one “right” solution, and usually one stops when a solution is 
considered to be satisficing, or good enough, rather than when the problem is “solved”. 
Computer science has traditionally followed a scientific approach, as if it were a “tame” discipline. 
Designers have always operated in the “wicked” domain. Computer scientists tend to be 
uncomfortable in the “wicked” domain. However, with the new trends of digital convergence and 
focus on the human rather than the technological aspects, computer science is no longer “tame”. 
Hence, the move by business to require computing professionals to adopt a more “designerly” way of 
thinking. 
A scientific design process, as used in traditional computing design, is a convergent process. Typically, 
a computer scientist is faced with a problem, develops some specifications that will be required to 
solve the problem, designs a solution that will meet the specifications, then develops a system to 
match the design. That is, what is seen as the “right” solution (Buxton 2007). 
Buxton (2007) calls this “getting the design right”, the computer scientist’s approach, versus “getting 
the right design”, which is the creative designer’s approach. 
A creative designer believes that there is no such thing as the “right” solution; only a range of 
solutions that are different to each other, some good enough, some not. A creative design process, 
while it will at some point converge to the development of a given solution, is initially much more 
divergent and generative. It is a process that results in the generation of many possibilities, options 
and initially uncensored ideas. A creative designer will explore multiple ideas, often developing a few 
alternatives concurrently, before deciding on the “best” idea that will be developed as the final 
product. 
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Businesses understand that keeping their customers satisfied before, during and after the 
development lifecycle of a product or system will lead to better customer retention and therefore 
greater commercial success (Hillman and Staff 2007).  
Effective design for the user experience contributes to this by helping to create products that 
customers want and need. It also adds to the commercial viability by saving time and money in the  
development of products, as the application of creative design practices and processes are more 
likely to achieve the correct designs the first time than using traditional computing design methods. 
An effective creative design process leads to an explicit design rationale (Buxton 2007), which is 
developed by close scrutiny and criticism of the ideas as they are proposed and developed.  
Computing professionals of the future will be required to have both technical knowledge and analytic 
skills, and the ability to generate new ideas to develop solutions to the problems with which they are 
faced.  They will need to be able to innovate and invent (Schafer 2008).  
Innovating refers to the ability to find new ways of using old solutions; invention is necessary where 
the old ways are not enough to provide the solution. They will therefore require creative thinking and 
design skills as well as the type of system design skills taught as part of traditional computer science 
programmes. 
2.11 A Matter of Training 
Kelley (1996) believes that the key difference in modes of thinking between traditional computing 
and that required by contemporary computing professionals, relates to the methodology of their 
training.  
He describes engineering as problem solving, while design is creating. This is akin to the concept 
discussed in Section 2.6, of problem solving versus problem setting. Kelley considers the reason to be 
that scientists and engineers are trained to be problem-oriented and to follow a methodology, 
applying it step-by-step to whatever happens in the process, whereas designers are trained to be 
open-ended, willing to trust their intuition rather than depending on any specific procedures. 
CHAPTER 2 
DESIGNING IN THE DIGITAL DOMAIN 
  Page 47 
Designers are prepared for handling ambiguous, “messy” situations, whereas engineers, including 
programmers and system designers, are uncomfortable if they cannot work within a known set of 
rules. 
Buxton (2007) explains how computing education will need to change because of the requirements of 
contemporary digital design: 
“…a new approach to design implies a new approach to design education… no 
individual will or can have equal competence in all the requisite skills… we 
need coverage of the larger skill set distributed among a heterogeneous 
team, not the individual. But… for that team to function well, the players 
must have at least a basic literacy in each other’s specialties, if not a high 
level of competence.” (Buxton 2007) 
This would suggest that it is necessary to develop the design thinking and creative abilities of 
computing students, in order for them to fulfil their future roles in multidisciplinary teams (Fry 2006). 
This would help to avoid the collaborative difficulties that tend to arise when one thinking model is 
favoured over another in the design process. Fry suggests that this can be achieved by introducing 
creative design skills and knowledge into computing education. 
In the same way, creative design disciplines could benefit by engaging in focused, solution-oriented 
projects to learn about the engineering process, so as to prepare them for participation in 
multidisciplinary teams. However, the recommendation of such education is beyond the scope of this 
study. 
Dr Janis Norman (2001) describes the value of design thinking in a curriculum as a dynamic, 
experiential learning method. Research into educational reform has documented that experiential 
learning and creative problem solving increase relevance and motivation in education. Design 
thinking within a curriculum has the potential for developing skills in creative problem solving and 
reflective analytical thinking.  
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Norman states that: 
“Design, which may be succinctly defined as purposeful thought and action, 
can serve as a framework and catalyst for teaching and learning strategies 
that promote innovative, high end thinking, cooperative teamwork, and 
authentic, performance assessment.” 
Norman proposes that a paradigm shift in education is necessary to cater for today’s needs. The focus 
of this new paradigm for learning would be to develop students’ ability “to think, reason, 
communicate and create innovative and appropriate solutions”. The development of these skills could 
be facilitated by teaching design thinking. 
As was mentioned earlier (Section 2.7), design thinking is a skill, with the practice of design being 
grounded in this skill. Although design practice, or the skill of the designer or artist, cannot be 
packaged into a set of methods, design can be considered to be a complex and sophisticated skill, and 
as such, it can be learned and practised (Lawson 2006).  
So from this, one can infer that by learning the practice of design, a student could develop creative 
and thinking abilities. 
2.12 Conclusions 
Changing trends in technology and the development of the multidisciplinary field of user experience, 
have led to a new role for design in the creation of interactive digital products and solutions (Section 
2.2). A better understanding by business of the benefits of design thinking has led to the increased 
use of creative design processes in digital design and development.  
Computing professionals, working in multidisciplinary project teams, need to adopt a more creative 
approach to the design process and develop an understanding of the concepts and terminology in the 
different design disciplines that form part of a multidisciplinary project team (Sections 2.3 and 2.4). 
The more easily team members can relate to each other and use a common language and 
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terminology in their work, the more effectively they are able to work together towards the common 
goal of creating an optimally designed solution. 
Once computing professionals understand the requirements of creative design practice, it will be 
easier to employ human-centred design methodologies at the start of a design project and fully 
integrate them throughout development, rather than the traditional practice of including design as an 
add-on later in the development process (Section 2.4). This will help ensure usability and other user 
experience problems are remedied before they become too large to fix, as well as contribute to the 
development of innovative products. 
The nature of creative design is complex, and differs to the type of design traditionally employed in 
the development of digital products (Sections 2.9 and 2.10).  
A key difference relates to two modes of thinking, which are referred to by a variety of terms 
(Section 2.6). The first mode, one of the terms for it being convergent thinking, is the predominant 
thinking process of traditional computer science methods. The second mode, or divergent thinking, is 
commonly associated with creative disciplines. However, both of these modes are vital to a successful 
creative process (Section 2.9). 
Important methods used in design thinking include sketching and a reflective practice known as 
reflection-in-action (Section 2.9). These methods are not limited to visual design, but can be used in 
different forms in all methods of creative design, including writing and digital design. 
The different modes of thinking are reflected in the different teaching methods by which students in 
the creative disciplines and computing are taught (Section 2.11). 
This is significant for computing education, as it will need to be adapted and have teaching methods 
included that teach creative design effectively in order to provide students with the opportunity to 
develop design thinking and creative ability (Section 2.11). This is necessary to prepare them for 
future roles in digital design practice, as the development of design thinking is critical for innovation 
and invention. 
The following chapter discusses in more detail how creative design is taught in creative disciplines 
and how best practice in teaching design can be adapted within a computing curriculum. 
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C h a p t e r  3   
T E A C H I N G  C R E A T I V E  D E S I G N  
How is design thinking developed in the education programmes of creative design disciplines? How 
can the teaching methods of creative design be adapted for use in traditional computing education? 
3.1 Introduction 
It was established in Chapter 2 that there is a need for promoting design thinking and creativity in 
computing education, and that this can possibly be achieved by introducing creative design into 
traditional computing curricula.  
The main objectives of this chapter are to identify the typical teaching methods used to teach 
creative design in design disciplines (Research Question 3) and then to determine how these methods 
can be adapted in order for non-design computing academics to integrate creative design into 
computing education (Research Question 4). 
The concept of teaching and learning styles, and their relevance for both design and computing 
education are discussed (Section 3.2). Typical teaching methods used in design and computing 
education are analysed and compared (Section 3.3). Examples of computing programmes that include 
the teaching of design using typical design teaching methods are examined to determine how these 
methods have been adapted, what has been successful and what has not been adequately addressed 
(Section 3.4). Specific issues that need to be addressed if typical creative design teaching methods are 
to be implemented successfully by non-design computing academics are identified (Section 3.5).  
3.2 Learning and Teaching Styles 
Students have different attitudes about and aptitudes for learning, as well as different ways that they 
respond to specific teaching environments and activities (Felder and Brent 2005). In the same way, 
teachers have different approaches and methods of teaching. These can be referred to as different 
learning and teaching styles. 
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The approach a person takes to learning, or the way a learner perceives and interacts with learning 
environments, is known as a learning style (Durling, Cross and Johnson 1996; Capretz 2002). Different 
learning styles are categorized by the types of information the learner focuses on, and the way in 
which the learner reacts to the perceived information (Felder et al. 2005). 
In the same way that individuals have a preferred manner of learning, so teachers tend to prefer to 
use teaching methods that suit their natural teaching style (Felder and Silverman 1988).  
For many years, educators believed that the same instructional methods could be used to teach all 
students (Capretz 2002). Research has shown differently. According to Capretz, it is well understood 
that different people learn differently, because the way in which they take in and process information 
differs. The compatibility of a student’s learning style with the particular teaching style used is 
therefore believed to influence the effectiveness of teaching and learning in particular students. 
A learner may use different learning strategies at different times and in different environments, so a 
learning style must be viewed as the way in which an individual most often learns, or the preferred 
learning style (Durling et al. 1996).  
According to Capretz (2002), if teachers understand their own learning styles, they can identify how 
these preferences affect their assumptions about what constitutes effective teaching. Furthermore, if 
teachers understand the learning preferences of their students, or are at least aware of the need to 
cater for a variety of learning styles, it is easier to design instruction that can be effective for an entire 
class. 
The concept of learning styles is not accepted by all members of the academic community (Felder et 
al. 2005). Some researchers maintain that the theoretical basis of learning style models is not sound 
and that the instruments used for assessment of learning styles have not been adequately validated. 
However, there are also studies that show consistent differences in students’ results in accordance 
with their assessed learning styles. Felder and Brent (2005) report on a number of such studies 
carried out with engineering students. 
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Those who take the view that learning and teaching styles are a valid and useful concept believe that 
the importance lies in educators understanding the impact that the differences in styles can have in 
their teaching (Capretz 2002). Classes will generally contain learners with all types of learning styles, 
so instruction should aim to include different techniques that will provide an opportunity for each of 
the learning styles in a balanced way. 
3.2.1 Learning Style Theories 
 There are a number of approaches and associated tools available for analysing and understanding 
the different learning styles, and to help in developing teaching methods to cater for them. (Felder et 
al. 1988; Durling et al. 1996; Capretz 2002; Layman, Cornwell, Williams and Osborne 2005; Galpin, 
Sanders and Chen 2007). 
The different approaches have different theoretical foundations, depending on the focus of the 
researcher by whom it was created (Coffield, Moseley, Hall and Ecclestone 2004). Each theory has its 
own learning style model, based on the specific theoretical foundations, which generally classifies 
students according to where they fit on a number of scales (Felder et al. 1988). Each has a related 
measurement instrument, usually in the form of a questionnaire.  
In a critical review of 13 of the most prominent learning style theories, Coffield et al. (2004) identify 
five “families” into which the different learning style models can be categorized: 
 Constitutionally-based learning styles and preferences; 
 Cognitive structure; 
 Stable personality type; 
 “Flexibly stable” learning preferences; and  
 Learning approaches and strategies. 
The approaches that have been most commonly used in studies relating to the fields of discussion in 
this study, that is, creative design and computing, fall into two of  Coffield et al.’s (2004) categories: 
the stable personality type and the flexibly stable learning preferences. 
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Approaches that fall into the stable personality type category focus on the learning style as an 
evidence of the individual’s particular personality type, which does not change. By contrast, the 
approaches placed within the flexibly stable learning preferences category view the preferred 
learning style as a trait which is not necessarily fixed, but can vary in different situations. 
The three most prominent learning style theories used in creative design and computing research are: 
 The Myers-Briggs Type Indicator (MBTI), based on Jung’s theory of personality type. Coffield 
et al.  (2004) place this model in the stable personality type category; 
 Kolb’s Experiential Learning Cycle and Learning Style Inventory (LSI), based on Kolb’s theory of 
experiential learning and its applications to education, work and adult development. It is 
placed in the “flexibly stable” learning preferences category (Coffield et al. 2004); and 
 The Felder-Silverman Learning Style Model, which was developed using learning scales from a 
range of existing models including the MBTI and Kolb’s model. This model can also be placed 
in the “flexibly stable” learning preferences category (Penger, Tekavcic and Dimovski 2008). 
Each of these three approaches is described in greater detail in the following sections. 
3.2.1.1 Myers-Briggs Type Indicator 
The Myers-Briggs Type Indicator (MBTI) was developed in the early 1940s with the intention of 
making Jung’s theory of personality types understandable and useful to ordinary people (Coffield et 
al. 2004). The MBTI has had considerable academic impact and is used widely in both business and 
educational fields. 
The MBTI was designed as a tool that could be used to categorise an individual’s general personality 
type and their relationships with others. This makes it suitable for application in the learning styles 
field, as it can be used to emphasise normal behaviour and reactions (Coffield et al. 2004). 
While the MBTI has enjoyed wide acceptance, and is commonly viewed as “a robust tool for the 
assessment of learning styles” (Durling 1994), it is not without criticism. 
CHAPTER 3 
TEACHING CREATIVE DESIGN 
  Page 54 
“Despite the enormous commercial success of the MBTI, the research 
evidence to support it – both as a valid measurement of style and as an aid to 
pedagogy – is inconclusive, at best.” (Coffield et al. 2004) 
The MBTI categorises people by measuring their preferences on four scales, with each type on the 
scale being denoted by a letter (Durling et al. 1996; Felder et al. 2005). The four scales are: 
 Extraverts (E) or Introverts (I). 
Extraverts prefer the outer world of people and like to try things out. They favour interacting 
with other people and working in groups. Introverts prefer the inner world of concepts and 
ideas and thinking things through. They prefer working alone. 
 Sensors (S) or Intuitors (N). 
This scale relates to how a person takes in information. Sensors focus on directly observable 
phenomena, through the senses. They are practical and focus on details before moving 
towards concepts. They also prefer step-by-step procedures. Intuitors focus on ideas and 
associations, meanings and possibilities. They are imaginative, preferring to start with the big 
picture and concepts, then move towards the facts and details. 
 Thinkers (T) or Feelers (F). 
This scale relates to how a person forms conclusions about information. Thinkers make 
decisions on a logical, analytical and objective basis. Feelers prefer to make choices based on 
subjective and personal values. 
 Judgers (J) or Perceivers (P). 
Judgers benefit from structure, and think in an orderly, decisive, planned manner. They have a 
need for closure, even with incomplete data. Perceivers are more adaptable to changing 
circumstances and prefer to keep options open. They will postpone closure in order to obtain 
more data. 
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These four scales result in 16 (24) MBTI types. The types are indicated by a four character 
combination relating to where they are positioned for each scale, with each having a dominant 
process, indicated by the character being underlined. For example, an ESFP would have a 
predominantly sensing view, whereas an INFP would emphasise the feeling approach. 
 
Figure 3.1 Learning Preferences, after Durling et al. (1996) 
The scales which are most relevant to learning are sensing/intuition and thinking/feeling (Durling et 
al. 1996), and the matrix of types can be structured to reflect learning preferences, as shown in 
Figure 3.1. 
3.2.1.2 Kolb’s Experiential Learning Theory 
Kolb (1984) based his experiential learning theory on his research into the process of learning. Kolb 
presented his model of learning as the Experiential Learning Cycle (Figure 3.2) and a related 
instrument for measuring styles, the Learning Style Inventory (LSI).  He claimed that: 
“Learning is the process whereby knowledge is created through the 
transformation of experience. Knowledge results from the combination of 
grasping experience and transforming it.” 
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The learning cycle involves four stages: (1) concrete experience, which is followed by (2) observation 
and reflection, followed by (3) the formation of abstract concepts, followed by (4) testing conclusions 
in new situations (Smith 1996).  
 
Figure 3.2 Kolb’s Experiential Learning Cycle, adapted from Coffield et al. (2004) 
Kolb, quoted by Coffield et al. (2004) said of the validity of his model: 
“When it is used in the simple, straightforward, and open way intended, the 
LSI usually provides an interesting self-examination and discussion that 
recognises the uniqueness, complexity and variability in individual approaches 
to learning. The danger lies in the reification of learning styles into fixed 
traits, such that learning styles become stereotypes used to pigeonhole 
individuals and their behaviour.”  
There have been two revisions of the LSI, but Coffield et al. draw the conclusion that “the statistical 
sophistication used to analyse the data is not matched by the theoretical sophistication used to 
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improve the concept of learning styles”, and that there is insufficient experimental evidence to use 
Kolb’s recommendations as firm evidence for pedagogy. 
Four learning styles are derived from the Experiential Learning Cycle, and represented on two axes or 
dimensions (Felder et al. 2005; Galpin et al. 2007). Kolb’s LSI is a forced-choice instrument used to 
place individuals on each of the two dimensions or scales, positioning their score in one of four 
quadrants or learning styles, as shown in Figure 3.2.  
The first dimension relates to the learner’s preference for taking information in, and has been 
referred to as a thinking versus feeling scale. It has abstract conceptualization (AC) at one extreme 
and concrete experience (CE) at the other. Abstract conceptualization refers to learning that is based 
on using concepts to understand, and concrete experience describes learning based on feeling and 
the current circumstances.  
The second scale or dimension relates to how the learner processes information. At one end of the 
scale is reflective observation (RO) and active experimentation (AE) is at the other end. Reflective 
observation is when the learner watches and considers different points of view. Active 
experimentation involves learning by doing, with the focus often on pragmatic issues. 
The LSI is designed to place people on each of the two scales, positioning their score in one of four 
quadrants or learning styles (Smith 1996). Felder and Brent (2005) and Smith (1996) describe the four 
learning styles as follows: 
 Diverger 
Divergers  (concrete, reflective) need to be able to relate what they are learning to their 
interests and experiences. Their characteristic question is Why? This type tend to be 
imaginative, good at generating ideas, able to see things from different perspectives and are 
interested in people, with broad cultural interests. 
 Assimilator 
Assimilators (abstract, reflective) like information to be logically structured and have time to 
reflect on it. They tend to ask the question What? This type have a strong ability to create 
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theoretical models, with good inductive reasoning skills and are more interested in abstract 
concepts than people. 
 Converger 
Convergers (abstract, active) like working on well-defined tasks and trying things out for 
themselves. Their characteristic question is How? This type generally enjoy the practical 
application of ideas, reasoning out specific problems, and are unemotional, with narrow 
interests. 
 Accommodator 
Accommodators (concrete, active) like applying what they are learning to real problems. Their 
characteristic question is What if? The greatest strength of this type is the ability to discover 
things for themselves by doing. They tend to be more willing to take risks, to adapt to new 
circumstances and to solve problems intuitively. 
3.2.1.3 Felder and Silverman’s Learning and Teaching Styles 
The Felder-Silverman model is a synthesis of the MBTI and Kolb learning style dimensions, and was 
presented in a paper (Felder et al. 1988) relating specifically to studies conducted with engineering 
students.  
The Felder-Silverman model uses a web-based instrument, the Index of Learning Styles (ILS), for 
analysis of an individual’s learning style. This instrument and its results are available at no charge, in 
contrast to other learning style instruments. It appears to be widely used, as according to Felder the 
instrument “gets about 100,000 hits a year and has been translated into half a dozen languages” 
(Felder 2002). 
This model has been used in a number of engineering and computing studies, hence its relevance for 
this research (Graf, Viola, Kinshuk and Leo 2002; Layman et al. 2005). The instrument has been 
validated for engineering students, but not for other student populations (Felder et al. 2005). 
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preferred learning style corresponding teaching style 
        
(external) sights, 
sounds, physical 
sensations sensory 
 
perception 
factual concrete 
 
content (internal) 
possibilities, 
insights, 
hunches 
intuitive  theoretical abstract  
        
pictures, 
diagrams, 
graphs, 
demonstrations visual 
 
input 
pictures, 
diagrams, films, 
demonstrations visual 
 
presentation 
words, sounds verbal  lectures, readings, 
discussions 
verbal  
        
facts and 
observations are 
given, 
underlying 
principles are 
inferred inductive 
 
organization 
phenomena 
leading to 
principles inductive 
 
organization 
principles are 
given, 
consequences 
and applications 
are deduced 
deductive  principles leading to 
phenomena 
deductive  
        
through 
engagement in 
physical activity 
or discussion active 
 
processing 
students talk, 
move, reflect active 
 
student 
participation through 
introspection reflective  
students watch 
and listen passive  
        
in continual 
steps sequential  
understanding 
step-by-step 
progression sequential  
perspective in large jumps, 
holistically global  
context and 
relevance global  
Figure 3.3 The Felder-Silverman Model, adapted from Felder and Silverman (1988) 
The Felder-Silverman model includes a corresponding teaching style for each preferred learning style 
(Felder et al. 1988; Felder et al. 2005), which is shown in Figure 3.3.   
The learning styles are classified according to four scales or categories: sensory/intuitive, 
visual/verbal, active/reflective and sequential/global. A fifth scale, inductive/deductive (shaded grey 
in Figure 3.3), was included in the original model, but has since been deleted. In a preface written in 
2002 as an addendum to the original paper written by Felder and Silverman, Felder explains that he 
believes that inductive teaching methods are preferable to traditional deductive teaching methods 
(Felder 2002). The deletion of this measure from the indicator is intended to discourage educators 
continuing with traditional, but less effective teaching.  
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The sensory/intuitive scale is the same as the sensor/intuitor of the MBTI (Section 3.2.1.1). The 
active/reflective scale corresponds to Kolb’s scale of the same name (Section 3.2.1.2).  
The teaching styles in the Felder-Silverman model classify instructional methods according to how 
well they address the requirements of the corresponding learning styles. 
The four lecturers participating in this research all completed the ILS (Figures 3.4 – 3.7). However, all 
four lecturers reported that they felt many of the answers to be artificial choices. Each question in 
the ILS has only two options, with the instruction to choose the one that applies most frequently if 
both seem to apply. In many instances they felt that either could be valid, depending on the 
circumstances, and it was a random guess to choose which was the most frequent to apply, so the 
forced choice method might not provide an accurate representation. 
 
Figure 3.4 Primary Researcher’s ILS Score 
 
Figure 3.5 Lecturer 1’s ILS Score 
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Figure 3.6 Lecturer 2’s ILS Score 
 
Figure 3.7 Lecturer 3’s ILS Score 
3.2.2 Implications for Teaching 
These theories propose that people’s learning styles are indicative not only of how they take in and 
process information or their personality type, but that it also has bearing on their career choices 
(Galpin et al. 2007). Coffield et al. (2004) propose that in addition to this, people “are further shaped 
to fit the learning norms of their field once they are in it”. 
The purpose of examining the concept of learning and teaching styles as part of this research was to 
establish which styles are predominant in the student groups under discussion, that is, design 
students and computing students. The intention was then to compare typical teaching styles with 
what had been ascertained about the typical learning styles, and so develop some recommendations. 
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Layman et al. (2005) observe that while there is a fairly substantial body of work available on the 
personality types and associated learning styles of engineering students in general, there is much less 
on computing students. It would appear that there has been even less research into the type and 
learning style of design students, as design education research has focused more on the design studio 
and design process (Demirbas 2008). 
Results of studies to determine the learning styles of particular groups are difficult to compare, as 
different learning style models are used in different studies, and the scales or measurements do not 
map directly onto each other.  
For example, Durling et al.’s study of design students and other occupational groups related the 
results of personality tests to the MBTI learning preferences scale (Durling et al. 1996). This shows a 
matrix of psychological types on the thinking/feeling and sensing/intuition scales (Figure 3.8). The 
largest grouping in the design student sample was the type ENTP, followed by the type ENFP. The 
architects and artists also showed a strong N, or intuition, preference, with the largest groupings 
being INTJ and INFP. 
Although Durling et al. used the MBTI scale, the Kolb Experiential Learning model is more commonly 
used in design education research (Tucker 2007). Tucker examined a number of studies that use 
Kolb’s model.  
He cites results of studies of architects, where in some instances — studies by Newland, Powell and 
Creed (1987) and Powell, Cooper and Lera (1984) — the majority were categorised as 
accommodators. The definition of accommodators (Section 3.2.1.2) indicates that they tend to solve 
problems intuitively, so there is a degree of correlation between the results of these studies and that 
of Durling et al. (1996). 
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Figure 3.8 Design students, adapted from Durling et al. (1996) 
However, in a study of architecture and environmental design students by Demirbas and Demirkan 
(2003), the majority of subjects were classified as assimilators and convergers, not accommodators.  
Tucker studied first and third year students of the built environment,  and concluded that students’ 
learning preferences change over the course of their studies (Tucker 2007). The majority of all the 
students were assimilators and convergers. However, there were significantly more accommodators 
and divergers in the first year sample than in that of the third year students. Tucker proposes that this 
is in line with Kolb’s suggestion that learning styles adapt according to individual experience, 
especially with respect to the demands and rewards of the academic culture to which they are 
exposed. 
Similar differences are encountered in the studies of learning styles of engineering and computing 
students. Layman et al. (2005), for example, use both the MBTI and the Felder-Silverman model to 
analyse their students’ learning styles and educators’ associated teaching styles. They found that 
there were equal proportions of extraverts and introverts; male students tended to be mostly 
intuitive learners, while the majority of females were sensors; and the general learning styles and 
personality traits of male and female students were similar. A key difference in their sample to that of 
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other research into engineering and computing students, was that their sample contained more 
intuitive learners than sensors. 
It would appear from the differences in results between the studies that one cannot conclusively 
state that any given group of students has a predominant learning style. Even if this were to be the 
case, there would be individual differences within that group, and any approach that focused on 
teaching methods applying to the predominant style would be ineffective for those individuals with a 
learning style different to that of the majority. 
We therefore consider that there is little value in focusing on trying to establish the predominant 
styles of computing students. It is more useful to take an approach of developing a teaching method 
that addresses all the different styles. Teaching that is designed to meet the needs of learners across 
the entire spectrum of learning styles has been proved to be more effective than traditional 
instruction, which tends to focus on a smaller range of learning styles (Felder et al. 1988; Felder et al. 
2005; Demirbas 2008). 
Demirbas (2008) proposes that a teaching method that could easily be used to follow this concept is 
the design studio approach, that is the core teaching method in design disciplines. While not all 
implementations of the design studio consciously teach to all learning styles, he conducted an 
experiment where, with minor adjustments, activities were designed to provide a design studio 
learning environment that included all aspects of the experiential learning cycle.  
The design studio teaching method, as proposed by Demirbas, requires that students first study 
concrete issues, then make an abstraction of these, and then follow a process of creating concrete 
design products.  
It can therefore be concluded that, while the evidence regarding the application of learning style 
theories to teaching are not conclusive, a useful approach for educators would be to design 
instruction that provides a learning environment that will be suitable for all the diverse styles in a 
class. 
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3.3 Typical Teaching Methods 
As the design studio teaching method can easily be adapted for teaching to all learning styles , and 
the aim of this research is to determine how to integrate the teaching of creative design into 
computing education, it is appropriate to investigate and compare typical design studio and 
traditional computing teaching methods. A comparison of the two methods will help clarify how 
design studio teaching methods can be adapted for use within the computing education 
environment. 
3.3.1 Design Studio Teaching 
Creative design would not be learned in the type of structured curricula that effectively teach science 
and engineering, as creative design is “spontaneous, unpredictable, and hard to define” (Winograd 
1996). This is also because, due to its nature, design is best learnt by practice, not by analysing and 
studying its theoretical concepts. However, there is an abundant tradition of design education that 
can be drawn on when considering how creative design can be effectively taught (Stolterman 2008).  
According to Lawson (2006), design education has common features, whatever the design tradition or 
domain, for example graphic design, industrial design or architecture. Design education in different 
countries also has common elements.  
The use of the design studio is a central educational device in traditional design education. By 
teaching within a design studio, the educational structures and activities are very similar to those in 
actual design practice. Students are given design problems, which they must then solve. The result is 
that students learn design process and thinking by actually doing it, rather than by studying or 
analysing it conceptually. 
Another central method in design education is the method of design critique (Lawson 2006; 
Stolterman 2008). As well as being a significant factor in design education, critique plays an important 
role in the actual design process, so it is necessary for designers to be prepared both to receive 
criticism and to participate in the critique of their own designs and those of others (Buxton 2007). 
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Essential to the success of the studio method in teaching and the use of design critique is the 
environment and relationship between teacher and students (Reimer et al. 2003; Kaufman and Glaser 
2004; Hegeman 2008; Hardman 2009). The role of the teacher is less dictatorial or supervisory than in 
traditional methods, and more akin to that of coach. The environment needs to encourage the 
students to explore and experiment, without fear of failing, and with respect between peers as well 
as between teacher and students. 
Schön (1991) has identified reflection-in-action as an essential quality of design thinking (Section 
2.9.4). This is also an important part of design education, both as part of the critique process, and as 
part of the design student’s personal skills development (Hegeman 2008). Design thinking, while 
being a skill that can be developed, needs both the environment and coaching of the traditional 
studio method, as well as the student reflecting on and analysing his or her own progress. 
The studio method is built around the concept of reflective practice (Tomayko 1991). Reflective 
practice refers to a method of working whereby the practitioner is in a constant process of reflection 
on his or her own developing practice. This is brought about not only by external criticism, but also by 
personal questioning. This in turn leads to a deeper understanding of both the technical knowledge 
and the creative process. Tomayko (1991) says that “the method of the studio is constant 
questioning”. The student must explain and defend the choices: methods, processes, solutions and 
implementation, describing how they fit with the proposed solution and convincing both lecturers 
and peers of their suitability. 
According to Shaffer (2007), the focus of a designer’s training follows the studio tradition of the Ecole 
des Beaux-Arts in France in the early 1800s. The studio tradition involves open-ended projects, with 
structured critiques that lead to a public showing and evaluation of work. 
Shaffer describes the design studio as a coherent learning system, where pedagogical processes and 
theoretical perspectives come together to create an effective learning environment, rather than a set 
of isolated procedures. He analyses the studio in terms of three interrelated elements: 
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1. The surface structure of the studio, which relates to the physical aspects. 
2. The pedagogical activities of the studio, or the structures that organize the activities. 
3. The epistemology of the studio, which refers to the conceptual and intellectual concepts that  
underpin the studio activities. 
These elements are interdependent, or interconnected in such a way that each is supported by the 
others (Shaffer 2007). That is, the physical aspects allow for and encourage the pedagogical activities. 
The activities are chosen and  organized to support the development and articulation of design ideas. 
Typical characteristics of design studio teaching methods, as discussed by different sources (Reimer 
et al. 2003; Kaufman et al. 2004; Shaffer 2007; Brandt 2008; Schafer 2008; Duker 2009; Economou 
2009; Greenberg 2009a; Hardman 2009) were analysed using critical analysis and grouped in terms of 
Shaffer’s three elements.  
Two new elements were added to the analysis, in order to create a holistic learning system model 
that could be used as a summary of teaching methods, requirements of the teacher or lecturer and 
the characteristics of the students. It was considered that this created a more holistic and usable 
model for describing typical teaching methods and environments. The two elements added to the 
model are: 
4. The profile of the facilitator, or what is required of the facilitator, teacher or lecturer 
conducting the studio. 
5. The profile of the students, which cannot be changed, but must be considered as part of the 
overall learning system. 
The facilitator must have the characteristics, skills and knowledge described in the facilitator’s profile 
to be effective within the environment described by the first three elements. Although the students’ 
personalities cannot be changed, their knowledge, abilities and attitudes will be influenced by the 
other four elements, and so must be included in the model. 
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A diagram of the holistic model (Figure 3.9) shows the relationship of the elements, and the 
important factors within each element. 
 
Figure 3.9  Holistic Model of a Learning System 
Defining the typical studio teaching method in this way shows how each element helps to create the 
conditions for the others to be successful (Shaffer 2007) and to understand how they relate to each 
other. 
The analysis of typical studio teaching methods is summarised in tabular format (Table 3.1) for easy 
reference. The model, and table format, are used as a structure for describing an analysis of typical 
computing teaching methods (Section 3.3.3).  The same format will be used to propose a modified 
studio teaching method for non-design academics to use to promote design thinking in Chapter 6. 
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Time 3–4 hours per day, 3 days per week. 
Work continues outside of scheduled times.  
Space Specially designed. 
Dedicated to single purpose. 
Has area designed for group discussions. 
Student-Lecturer 
Ratio 
Small classes. 
Ratio ranges from3:1 to 15:1. 
Materials Materials change according to nature of assignments. 
Sketchbooks (visual journals) primary tool. 
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Nature of 
Interactions 
Intense, highly interactive environment. 
Collaboration between students and lecturers, and peers. 
Encouraged to exchange ideas and learn from each other.  
Encouraged to trust intuition and to express new ideas. 
Content Theoretical concepts first presented in separate course. 
Concepts revisited in relation to current projects as required. 
Reinforced during design crits.  
Intention is for students to “learn by doing”.  
Create solution to given problem by applying theoretical concepts. 
Range from 1 week projects to semester long. Real world problems. 
Assessment Design Critique 
Informal, regular design crits are nonjudgmental, focusing on process. 
Used to anticipate potential problems and potential areas of development and 
learning. 
Formal reviews or pinups, provide feedback on product. 
Other students and faculty and external experts participate. 
Must present concrete designs, not abstract ideas. 
Grading 
Range will depend on institution’s philosophy and requirements. 
Common factor: based on assessment of actual design artefacts, not tests or exams. 
Grading tends to be pass/no pass, or broad categories. 
Grading based on final portfolio consisting of design artefacts resulting from 
projects. 
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Artefacts produced are more or less well-expressed solution; not right nor wrong. 
Ideas developed and refined in iterative process. 
Design ideas reflect interpretation of each individual. 
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 Role more coach, mentor than traditional lecturer. 
Nonjudgmental. 
Has patience. 
Is able to improvise. 
Practises reflection-in-action. 
Can facilitate as well as teach. 
Able to create environment conducive to open communication. 
Allows students to express themselves. 
Good listener. 
Implicit knowledge of design process and practice. 
st
u
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Tend to be intuitive thinkers. 
Table 3.1 Typical Studio Teaching Method 
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3.3.1.1 Surface Structure 
 Time 
Scheduling for studio courses is in larger blocks of time than the 50–80 minute lectures 
traditionally allocated for lecture slots. A design student typically spends a minimum of 3–4 
hours per day for 3 days a week working in the studio. Often, work will also be carried out in 
the studio outside of regular, scheduled times. 
 Space 
The studio space is dedicated to a single purpose, and specially designed to facilitate the type 
of design discipline for which it is intended. There is an area designated for group discussions, 
with facilities for displaying work. At senior levels, students will often have their own 
permanent space within the studio. 
 Student-Lecturer Ratio 
Class sizes are usually small, with a maximum at senior level of 10–15 students. There are 
usually one or two teaching assistants, as well as the lecturer. The student-teacher ratio 
therefore ranges from 3:1 in small classes to about 15:1 in larger, first year classes. 
 Materials 
Students are encouraged to engage with different materials as appropriate to the varied 
nature of projects and assignments. Sketchbooks, or visual journals, are primary tools for the 
student to develop their understanding of design skills and concepts, and personal 
development of design practice. 
3.3.1.2 Pedagogical Activities 
 Nature of Interactions 
The studio environment is intense and highly interactive, with collaboration between 
lecturers and students as well as student peer collaboration. Ideas are freely shared, and 
students are encouraged to learn from each other, often using the ideas of others to improve 
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their own work. Students are encouraged to develop their ability to trust their intuition and to 
feel safe expressing new “non-standard” ideas.   
 Content 
Theoretical concepts are generally presented separately to the studio course. These may have 
been taken in courses prior to the studio course, or be running concurrently. Where 
necessary, concepts are revisited in the studio when a project brief is presented and 
explained. Lecturers will also reinforce theoretical concepts during the process of design 
critique. 
Projects and assignments are set with the intention of allowing students to “learn by doing”; 
that is, students will develop an understanding of the relevant theoretical concepts and 
design principles, as well as the underlying design process, by creating a solution to a given 
problem. Projects range from short, one week projects to lengthier projects that span a 
number of weeks. Longer projects allow for the revisiting of initial ideas at different levels of 
detail, and reflect the reality of real-world design problems. 
 Assessment 
Communication of design and reflection of both process and product is a critical factor in 
learning within the studio teaching method. This is achieved by using the design critique 
(“crit”) as both a method of assessment and a way of communicating and learning. 
Design critiques take two main forms: informal, one-on-one “desk crits”, and formal, 
scheduled group reviews. In addition, final assessment is in the form of a formal, group 
critique, sometimes known as a “jury”. 
In an informal critique, the lecturer tends to focus more on the design process than the 
resultant product or design artefact. This is done in a non-judgmental manner that 
encourages self-reflection. The student’s attention is drawn to the concepts and principles 
relating to the task. The intention is to give students a sense of how to proceed and to identify 
ideas that are worth developing. The lecturer will help the student to anticipate both 
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problems and potential areas of development before the design is complete, providing design 
skills and knowledge the student as yet lacks. 
The formal critiques, known as reviews or pinups, are conducted to provide feedback on the 
product more than the process, with the intention of helping the students improve their 
designs. All students in the group are encouraged to participate, and external experts and 
other faculty are often invited. Students are required to present a concrete design; ideas as 
yet undeveloped are not sufficient at this stage. The feedback is expected to be more 
judgmental than in the informal critiques. 
A range of grading techniques is employed in studio teaching, and will often depend on the 
philosophy and requirements of the individual institution. The common factor is that 
assessment is of actual design artefacts, not by students writing tests or examinations. 
Some courses provide only a final pass/no pass grading. Others provide a grade for each 
individual project. Grades do tend to be given within broad categories, and not as a specific 
mark or percentage. Final grades are generally the result of the presentation of a final 
portfolio, consisting of design artefacts developed as a result of the course projects. 
3.3.1.3 Epistemology 
Design has an expressive and iterative epistemology, in that the design artefacts that are 
produced are never right or wrong, only a more or less well-expressed solution to a design 
problem. Ideas are developed and refined in an iterative process. In addition, design ideas 
reflect the interpretation of each individual as a response to the given problem. 
The main aim of the design studio goes beyond teaching how to design. The intention is for 
students to use a creative and analytical way of thinking, so developing an understanding of 
design and design practice. The nature of the design studio also facilitates the development of 
communication and teamwork skills. Students are also expected to develop their own values 
and attitudes, or a personal design philosophy. Design education is primarily related to the 
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development of design thinking, not just the design activity through the provision of technical 
skills. 
3.3.1.4 Profile of Facilitator 
A lecturer engaging in studio teaching should have the ability to take on the role of coach or 
mentor, and facilitator, rather than traditional lecturer. This requires personality traits such as 
being nonjudgmental, patient and having the ability to improvise.  The facilitator must be able 
and willing to create an environment conducive to open communication between both 
lecturer and students, and amongst the students. An important skill for this purpose is the 
ability to listen. 
In order to develop innovation and creativity, the design lecturer must encourage students to 
express themselves, to explore and experiment, even if they fail along the way. 
Practising reflection-in-action is a valuable tool for the design studio facilitator, as it helps 
develop an awareness, and allow for improvement, of teaching practice. 
Design lecturers typically have extensive, implicit knowledge of design process and practice, 
including experience in teaching and learning in a studio environment, familiarity with the 
design critique process and the use of design tools. Lecturers have developed their own 
personal design philosophy, whether or not they are practising designers. A personal design 
philosophy is a designer’s personal understanding of design, developed from his unique 
background and experience (Hegeman 2008). 
3.3.1.5 Profile of Students 
There is insufficient evidence to describe the overall nature of typical design students, 
although research indicates that the majority of design students are intuitive thinkers (Durling 
et al. 1996).  
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The main issue with regard to the students is that the studio facilitator must be aware that a 
class is likely to contain students with a variety of learning styles, and from a variety of 
backgrounds, as with any class.  
3.3.1.6 Relationship of Elements of the Typical Studio Teaching Method 
The surface structure, that is the organization of time, the studio space, the student-teacher 
ratio and the materials, support the nature of the pedagogical activities.  
For example, the dedicated studio space means it is possible for students to work easily in the 
studio at times other than those specifically scheduled. It is not necessary to spend time 
setting up prior to working, or clearing up afterwards, as the studio space is not used for other 
purposes. The public presentation spaces within the studio make it easy for students to share 
ideas. These spaces also make it possible to invite external input. The high teacher-student 
ratio encourages a high level of personal interaction between students and lecturer. 
The surface structure and the pedagogical activities are organized to support the cyclical 
nature of the design process. As shown in Figure 3.10, design work is followed by feedback via 
informal critique. The feedback is then incorporated into the next phase of design work, 
followed by further critique. Once the project or assignment is completed, it is formally 
presented for review. Feedback from this formal critique is then used by the student in the 
development of ideas for the next assignment, and so on. Assignments are often stages, or 
different levels of detail, of one project, making the feedback from one assignment highly 
relevant to the assignments following. 
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Figure 3.10 The cycles of expression and feedback in the design studio (Shaffer 2007) 
These design cycles, together with the openness and collaborative nature of the pedagogical 
activities, support the epistemology in that each student is encouraged to explore his 
individual ideas, internalize the fundamentals of the design discipline and so develop a unique 
approach to design practice. 
3.3.2 Computing Teaching Methods 
Most computing education follows the traditional lecturing style used for many years in universities 
(Felder et al. 2005). A critical analysis of a variety of sources (Tomayko 1991; Rodger 1995; Margolin 
and Buchanan 2000; Ben-Ari 2001; Holmboe, McIver and George 2001; Capretz 2002; Trojer and 
Björkman 2004; Felder et al. 2005; Layman et al. 2005; Felder 2006; Fry 2006; Galpin et al. 2007; 
Brandt 2008; Kornecki 2008; Greenberg 2009a; van der Post 2009) was done to present a typical 
computing teaching method  in the same model used to describe a typical studio teaching method, as 
presented in Section 3.3.1. 
The characteristics of a typical computing teaching method is discussed below in terms of the five 
elements of the learning system model, and summarised in Table 3.2. 
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Time One 50–80 minute lecture, plus possibly 1–2 tutorial or practical sessions per week.  
Space Traditional lecture venues. 
Computer labs for practical sessions. 
Student-Lecturer 
Ratio 
Medium to large classes. 
Ratio ranges from 20:1 to 100+:1. 
Materials Textbooks and class notes. 
Relevant computer software and hardware. 
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Nature of 
Interactions 
Passive environment for lectures. 
More interaction in practical classes. 
Limited group work. 
Content Focus on providing theoretical foundations as abstract concepts. 
Theory may be followed by practical tasks presented as well-defined, clearly 
specified problems. 
Step-by-step methodology. 
Programming concepts are language-centred. 
Assessment Grading of each project by instructor. 
Final grading based on tests and exams. 
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Grounded in technology. 
Has typically followed traditional education paradigm, based on the transmission of 
knowledge through lectures and texts, consolidated by drill and practice. 
Current developments have shown a move towards a more constructivist, active 
learning approach. 
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Traditional lecturing style, content delivery agent. 
Prefers theoretical concepts to practical application. 
Structured, well-ordered. 
Expert-student relationship. 
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Not enough known to provide typical profile. 
Table 3.2 Typical Computing Teaching Method 
3.3.2.1 Surface structure 
 Time 
One traditional 50 – 80 minute lecture per week, sometimes complemented by one or two 
tutorial or practical sessions of a similar length per week. Homework must be completed 
outside of class hours, with no supervision or help. 
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 Space 
Lectures are in traditional lecture or classroom venues. Computer laboratories used for 
practical sessions are used by all classes, so there is no dedicated space for a student. Post-
graduate students sometimes have a dedicated machine in a group laboratory. There is 
seldom an area for group discussions. 
 Student-Lecturer Ratio 
Class sizes are usually large, decreasing in size with each progressive academic year. In 
lectures, the ratio ranges from 100+:1 to 20:1. In practical sessions, there may be one or two 
teaching assistants in addition to the lecturer. Ratios are then reduced, though seldom lower 
than 20:1.  
 Materials 
Students refer to textbooks and class notes for theoretical concepts, and work with relevant 
software and hardware for practical tasks.  
3.3.2.2 Pedagogical Activities 
 Nature of Interactions 
The traditional lecture environment is expository, with the lecturer at the front of the class, 
explaining concepts with the help of either an overhead projector or PowerPoint slides. 
Examples may be worked out to demonstrate how theoretical concepts are applied in 
practice, and practice tasks are set, to be completed either in class or at home. Students have 
the opportunity to ask questions in class, but many are too reticent to do so. There is more 
opportunity for lecturer-student interaction in practical laboratory sessions, where individuals 
work on projects or assignments. In some classes, students work in pairs or small groups on 
assignments, but individual work is more common. Most interactions are oriented to verbal 
learners, with oral lectures and written text forming the bulk of the material. 
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 Content 
There is typically a clearly structured syllabus, covering all the prerequisite knowledge, which 
is dealt with according to a predefined schedule. The focus is on providing the theoretical 
foundations by presenting abstract concepts, facts, formulas and algorithms, and then 
applying them by solving well-defined, clearly specified closed-ended, single-disciplined 
problems. Students are taught to follow a step-by-step methodology. Programming concepts 
tend to be language-centred. 
 Assessment 
Each project is graded, and this may be used as part of the final mark. Feedback is given by 
the instructor. If there has been groupwork, individuals in a group are typically assigned the 
same mark. Groups might be required to make presentations to the whole class. Tests and 
examinations are designed to test content knowledge, and an application of theory, where 
relevant. 
3.3.2.3 Epistemology 
The majority of computing educators have no formal training in education. They tend not to 
be accustomed to reflecting on and critically questioning their own discipline. There is little 
discussion about issues of epistemology. This has resulted in education that tends to be 
grounded in technology, rather than the pedagogy or didactics of computing. 
Traditional computing education can be said to follow a traditional classical educational 
paradigm: 
 It has a foundational epistemology, based on an ontological reality. That is, there exist 
absolute truths and empirical sensory data, and valid forms of logical deduction can be 
used to extend the body of existing knowledge, which is still a discovery of existing truths. 
 The mind can be filled with knowledge, and the primary means that the teacher transmits 
this knowledge to the student are lecturing and providing texts to be read. 
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 Repetition, that is drill and practice, will consolidate and help to retain the knowledge. 
 Knowledge is viewed as content-based, resulting in a knowledge-based, single-disciplinary 
education. 
Recent developments in computing education are directed towards the introduction of a 
more constructivist approach: 
 The radical constructivist stance is that there is no absolute truth, although post-positivist 
constructivists view reality as existing, but seen through the filters of the observer. 
Therefore the belief is that knowledge cannot be transmitted from one individual to 
another. It must be constructed by the individual, and is therefore fallible. It is acquired 
as sensory data is combined with existing data to create new cognitive structures. These 
then provide the foundation for further construction of knowledge. 
 Learning must be active, with the student constructing knowledge with active guidance of 
the teacher and feedback from other students. 
3.3.2.4 Profile of Facilitator 
The role of the facilitator is a traditional didactic lecturer, or content delivery agent. Lecturers 
tend to prefer theoretical topics, presenting the abstract concepts and principles first, and 
teaching practical hands-on applications later, usually in the form of practical assignments. A 
structured, well-ordered syllabus is reflective of the general nature of typical computing 
academics. Studies of teaching styles indicate that computing lecturers tend to be mostly 
intuitors rather than sensing types. The lecturer is perceived as the expert, dispensing 
knowledge to students. 
3.3.2.5  Profile of Students  
Studies of computing students’ learning styles provide insufficient data to establish a typical 
profile of computing students (Section 3.2.2).  
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3.3.3 Comparison of Design Studio and Computing Teaching Methods 
Reimer and Douglas (2003) summarise by stating that “studio teaching is radically different from the 
usual computer science instruction of lecture/lab/discussion”. The studio method is a form of social 
constructivism that has been applied to education, emphasizing context and the integration of 
thought and action. They go on to describe how it appears to turn the usual instructional model 
around in that what the student does, becomes the main determinant of what is learned, rather than 
what the teacher does. 
Traditional computer science courses are excellent at teaching technical and analytic skills (Schafer 
2008). However, they are inappropriate for developing creative thinking and design skills, as the 
learning of these skills requires application to real problems, which is not generally part of the 
traditional computer science education teaching method. 
Design can function within teaching and learning to promote creativity and innovation (Norman 
2001). A new paradigm in learning, which is also impacted by the increased access ordinary people 
have to information through technology, emphasises process rather than product, as is done in 
design studio teaching. The strategies and processes used in design thinking are viewed as  
contributing to the development of characteristics important to the future, such as the ability to 
think, to reason, to communicate and to be creative and innovative. 
Table 3.3 shows the main differences between design studio and computing teaching methods. 
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 Time Students spend large blocks of time 
working in studio. 
Students attend one to three short 
lecture and practical sessions per week, 
and work is completed in their own 
time. 
Space Dedicated and specially designed 
studios. 
Traditional lecture venues and computer 
labs, which are also used for other 
subjects. 
Student-Lecturer 
Ratio 
Small classes allowing for personal 
relationships. 
Large, impersonal classes. 
Materials Relevant design materials, with 
sketchbook used as a primary tool in the 
design process. 
Computer hardware and software 
relevant to topic. 
p
ed
ag
og
ic
a
l 
A
ct
iv
it
ie
s Nature of 
Interactions 
Intense, highly interactive environment 
where sharing of ideas is encouraged. 
Passive lecture environment with limited 
interaction in practical sessions. 
Reluctance to share ideas because of 
plagiarism issues. 
Content Theoretical concepts in separate 
module. 
Emphasis is on “learning by doing”. 
Concepts explored in real world 
problems. 
Focus on theory as abstract concepts. 
Theory may be explored in practical 
tasks using step-by-step methodology. 
Assessment Extensive use of design critiques. 
Final grading based on portfolio of 
design artefacts. 
Grading of projects by instructor. 
Final grading based on tests and exams. 
ep
is
te
m
ol
og
y
 
 Supports iterative and expressive nature 
of design process. 
Encourages individual interpretation and 
development of creativity and design 
thinking. 
Grounded in technology and based on 
transmission of knowledge through 
lectures and texts, with consolidation by 
drill and practice. 
fa
ci
lit
at
or
 
 Role is similar to that of a coach or 
mentor. 
Traditional lecturing style, or content 
delivery agent. 
st
u
d
en
ts
 
 Tend to be intuitive thinkers. Insufficient data to generalize. 
Table 3.3 Comparison of Studio and Computing Teaching Methods 
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3.4 Design Studio Teaching in Computing Education 
A number of tertiary education programmes are beginning to embrace a new approach, 
acknowledging a need for new inter-disciplinary programmes that will allow students to draw from 
business, design, science and marketing concepts.  
Stanford University’s d.school states the belief that “high impact teams work at the intersection of 
technology, business and human values” (Stanford University 2009b). For this reason, the school and 
its programmes are founded on the philosophy that including designers in multidisciplinary teams is a 
key to successful collaboration, as design methodologies can be utilized by all players and are critical 
to innovation. Faculty of the d.school includes members from most schools and departments, 
creating a true cross-disciplinary educational experience. 
A number of other universities in the United States have followed this approach and created 
multidisciplinary design programmes. These include The Institute of Design at the Illinois Institute of 
Technology (IIT Institute of Design 2009) and the Human-Computer Interaction Institute at Carnegie 
Mellon University (Human-Computer Interaction Institute 2009). These programmes are often, 
though not exclusively, located in the “design schools” rather than the computer science schools or 
departments, and are mostly at a post-graduate level. 
One interesting example, the California College of the Arts, offers a dual design and business major: 
the MFA/MBA in Design Strategy (California College of the Arts 2009). This highlights the emerging 
importance of design in strategic business thinking, and a trend for business schools to include design 
in their programmes to help students develop design thinking and creativity. As an article in Business 
Week headlined: “Tomorrow’s B-School? It Might Be a D-School?” (Merrit and Lavelle 2005). 
In addition to these multidisciplinary programmes, a number of computing educators have attempted 
to integrate creative design into their existing curricula. This is because it is not only at a post-
graduate level that students need to develop multidisciplinary skills and design thinking (Greenberg 
2009a). Contemporary jobs in the computing field require more than programming skills; design, 
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communication and collaborative teamwork are now part of the expected skillset (Hundhausen, 
Narayanan and Crosby 2008). These requirements have emerged as the practice of digital design has 
adapted and developed with the technological trends that have already been discussed in Section 2.2. 
It is therefore necessary for all computing students, not only those entering into post-graduate 
education, to have the opportunity to develop creative thinking and design skills. 
Traditional computing programmes already teach the technical and analytic skills required by the 
digital design professional. However, as Kapor (1991) advocated, the design studio methods used in 
teaching disciplines such as architecture could be used to teach a more creative type of design than 
the traditional systems design practised by engineers and computer scientists. 
A number of computing educators have acknowledged this need to adapt their teaching methods and 
integrate new directions into their teaching (Tomayko 1991). The rationale for adopting a studio 
approach as part of the Master of Software Engineering programme at Carnegie Mellon University in 
the late 1980s was that the characteristics of the studio relate closely to the concepts put forward by 
Schön (1991) in describing reflective practice.  
Firstly, Tomayko (1991) states that as the first distinguishing characteristic of the studio method is the 
application of reflective practice, this immediately separates a studio teaching method from a typical 
computing course that uses projects for the practical application of theoretical concepts. Secondly, in 
the Master of Software Engineering programme, the studio was integrated across the curriculum. 
This was possible because each of the courses in the curriculum participated in the studio practice at 
relevant stages as the semester progressed. 
A number of courses, or modules were examined to understand why a design studio approach is 
believed to be suitable for teaching design to computing students, and what aspects of it can be 
effectively adapted to work in a traditional computing environment. It was decided not to examine 
multidisciplinary post-graduate programmes in detail, as the focus of this study is to explore how 
studio teaching methods can be integrated in existing undergraduate or post-graduate computing 
courses. Examples were chosen where documentation relating to how studio methods had been 
CHAPTER 3 
TEACHING CREATIVE DESIGN 
  Page 84 
applied was available to the researcher. These modules are listed, together with references to the 
documentation used, in Table 3.4. 
In five out of the seven examples, the studio approach was applied to individual modules and not 
integrated in any way with other modules in the programme. The documentation relating to the 
individual approaches and results of these modules was analysed to identify methods and techniques 
that could be effectively adopted in the application of modified studio teaching methods in standard 
computing modules. 
The interdependent elements of the learning system model, used in Section 3.3 to describe typical 
studio design and computing teaching methods, was utilized to analyse the methods and techniques 
the lecturers employed in these examples. From this analysis, the following generalizations could be 
made with regard to the adaptation of traditional studio teaching methods to non-design oriented 
programmes. 
3.4.1 Surface structure 
 Time 
It is not possible to schedule traditional studio block time in a traditional non-design lecture 
environment. Where possible, tutorial times can be scheduled directly after lectures, thereby 
creating a more extended block of time than would ordinarily be the case. It is also beneficial 
to schedule classes more than once a week, if possible, as this makes it easier to have theory, 
practical work and critiques in separate sessions. 
Students are required to work unsupervised, in their own time, to complete practical 
assignments. One disadvantage of this is that it can give rise to a perception of a heavier 
workload than is traditionally the case. A second disadvantage of the shorter periods of time 
is that discussions and critiques do not have the time required to develop sufficient 
momentum for students to experience the full value of such discussions. 
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Programme Description Reference 
Human Computer Interaction II, 
Department of Computer Science, 
Calgary University, 2008 
This is the second undergraduate HCI course 
in the programme, so students enrolled in 
this course would have already completed the 
first, standard format course, providing much 
of the initial HCI theory and basics. The 
intention was to present an existing course 
using the studio method. 
(Greenberg 2009a) 
HCI Design, Computer and Information 
Science Department, University of 
Oregon, 2002 
This was implemented as a new under-
graduate course, intended for students who 
had not taken the more advanced existing HCI 
course. Content was limited to the principles 
of good design and the key components of 
the user-centred design process. 
(Reimer et al. 2003) 
Software Studio, Department of 
Computer Science, University of 
Northern Iowa, 2008 
This was a new format for an existing course: 
the second undergraduate Artificial 
Intelligence (AI) course. Students would have 
gained a general background to AI in the 
previous semester’s course. 
(Schafer 2008) 
Undergraduate courses: pre-Computer 
Science 1, Computer Science 1, 
Computer Science 2 and Computer 
Science 3, Multi-institutional project at 
Washington State University, Auburn 
University and the University of Hawaii, 
2007–2009 
Two or three consecutive courses from the 
set of four undergraduate courses were 
offered in alternating studio and traditional 
formats at each of the participating 
universities for comparison and evaluation. 
(Hundhausen et al. 
2008) 
Bachelor of Information Management 
and Systems (BIMS), Monash University, 
2000 
The studio based model replaced the 
traditional core IT course in each year and 
aimed to produce an integrated curriculum. 
Students were required to use content and 
skills from other core subjects in the studio 
course. 
(Carbone and Sheard 
2002) 
User Interface (UI) Design, University of 
Montana, 2008 
This is the first stage of a three year project to 
apply a “hybrid” studio method to teach 
principles of interface design to computing 
students. 
(Brandt 2008) 
Design 250, Ohio State University, 
2002–2003 
This was the core design studio class offered 
to non-design majors such as engineering, 
business and computer science students. The 
intention was to teach “innovative thinking 
and creating for the sole task of solving 
design problems”. 
(Kaufman et al. 2004) 
Table 3.4 Programmes Using Adapted Design Studio Methods 
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 Space 
Lectures can be moved from traditional venues into computer laboratories, with each student 
having access to a computer. Only students belonging to the class are allowed in the 
laboratory during the scheduled times, so the venue becomes a “temporary studio” for the 
allocated periods. While this is a better option than traditional lecture venues, it is not an 
ideal space, as computer laboratories do not usually have free desk or table space to use for 
other activities such as sketching. Also, there is not usually a large space for groups to gather 
easily for discussions. In addition, as the laboratories cannot be dedicated to the studio course 
outside of allocated course times, students have to work elsewhere to complete their work. 
 Student-Lecturer Ratio 
If it is not possible to limit the class size, so as to reach the desired 3:1 student-teacher ratio, 
greater interaction between peers can be achieved by dividing larger classes into groups of 
three or four students. These small groups work together on projects, sharing ideas and 
learning from each other. This enhances communication and interactivity both between the 
students and lecturer, and between the students themselves. 
 Materials 
Materials, in the context of digital design, often relate to new computer software, 
programming languages or hardware that are to be used. In these cases, it is necessary to 
provide basic instructions or offer a tutorial for students to learn the basics.  
Students were required to use sketchbooks in one of the programmes reviewed (Greenberg 
2009a), as the lecturer considered it integral to the development of design practice, but 
sketchbooks were not mentioned in the other courses.  
Other materials or tools mentioned referred to the manner in which groups presented or 
reported on their work. For example, the use of an overhead projector to show what they had 
done, as compared to the more traditional studio practice of pinning up or displaying paper-
based or three-dimensional designs. This can be considered as a natural consequence of the 
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difference in media required by digital design. Mention was made of the difficulty of 
illustrating an interactive design in a way that captures all the nuances and possibilities 
available (Brandt 2008).  
3.4.2 Pedagogical Activities 
 Nature of Interactions 
The change from a traditional lecture environment to one in which students were 
immediately involved in learning about the theoretical concepts by engaging in the design 
process is perceived as being an effective learning method. This is enhanced by the 
collaboration and communication necessary for successful group work.  
 Content 
Even in courses where theory has been covered in previous courses, it is still necessary to 
include some new concepts at various stages of the studio course. Generally, relevant 
concepts are addressed at the start of a project, in a more traditional lecture style or round-
table discussion. This should include the showing of several relevant examples, with tutorials 
given where necessary. Concepts are revisited during project discussions and design critiques. 
One disadvantage that was mentioned by Reimer and Douglas (2003) was that students in 
their course tended to neglect the reading required, and focus more on the practical work. 
A series of projects are set throughout the progress of the course. These projects will vary 
depending on the nature of the topic. Projects and assignments range from short, one week 
projects, to longer projects spanning a few weeks. It is not usual to have one single project 
covering the whole course. Some courses require students to submit individual work, whereas 
others require students to develop group projects. Students receive relevant background 
information and conceptual information when a project is introduced. There is a specific focus 
or activity for each week, designed to highlight the relevant theoretical concepts. Students are 
encouraged to share ideas and learn from each other. 
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 Assessment 
Lecturers endeavour to have one-on-one discussions and informal group discussions 
throughout the duration of a project, during the times allocated for students to work on their 
projects. However, scheduling does not always allow for effective design critiques, as much of 
the project work is done in students’ own time, without the lecturer being present. Formal 
group critique sessions are scheduled at the end of a project. In these sessions, each project is 
presented to the whole class by the student or group responsible, and the lecturer and 
students engage in critical discussion of the project. As the limited time does not always allow 
for full discussions of each project, groups may be required to hand in reports for the lecturer 
to review. 
The courses reviewed did not give full details of how work was assessed and graded. It would 
appear, however, that assessment was largely based on the results of the projects. Reimer 
and Douglas (2003) indicate that the final grading for their course was based on the weekly 
design activities, an individual pop quiz, class participation during critiques and a performance 
evaluation from fellow group members. Greenberg (2009a) utilized the concept of a portfolio. 
His students were required to compile two portfolios: a project learning portfolio for each 
project and a professional portfolio, which was created at the end of the course. 
3.4.3 Epistemology 
A modified studio teaching method reflects the epistemology of design to the extent to which 
the surface structure and pedagogical activities support the expressive and iterative nature of 
the design process, as well as the development of individual student’s understanding and 
assimilation of design thinking and practice. The main areas that were reported as impacting 
the effectiveness of achieving this goal are the scheduling constraints, the lack of permanent 
studio space and the students’ lack of familiarity with the approach to grading. 
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3.4.4 Profile of Facilitator 
The courses reviewed did not give full biographies of the academics presenting the courses. 
However, it appears that all had either personal experience of creative design, had studied 
how creative design was taught in design disciplines, or had the assistance of design 
academics. 
3.4.5 Profile of Students 
No specific information about the profile of students in the modified studio courses could be 
found. 
3.5 Gaps in Knowledge 
The analysis of sample programmes using adapted studio teaching methods presented in Section 3.4 
shows that some typical studio teaching methods were more easily adapted for use in a traditional 
computing environment than others. In addition, the results show there are gaps in knowledge that 
require further consideration in all the sample programmes. The gaps will be discussed here by using 
the same five element learning system model that has been used to describe the typical studio and 
computing teaching methods (Section 3.3).  Figure 3.11  is a diagrammatic representation, showing 
the gaps, in all the elements. 
CHAPTER 3 
TEACHING CREATIVE DESIGN 
  Page 90 
 
Figure 3.11 Gaps for Further Consideration in Adapted Studio Methods 
3.5.1 Surface Structure 
 Time 
In some courses, there is only one scheduled lecture period per week, thus making the 
amount of contact time even less than in the modified approaches reviewed. Due to the 
limited amount of time for working in class, much of the practical work is completed by 
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students working unsupervised, in their own time. This does not allow for the level of either 
peer-to-peer or student-teacher interaction that occurs in the traditional studio teaching. 
 Space 
Computer laboratories do not have sufficient open space for work that involves activities 
other than the computer, for example, drawing, creating prototype models and group work. 
The lack of a dedicated “design” studio or laboratory reduces the opportunity for peer-to-
peer interaction, communication and sharing of ideas. 
 Student-Lecturer Ratio 
This aspect appears to have been adequately addressed by dividing large classes into small 
groups for practical projects and assignments. It is not clear how large classes could be 
handled when presenting theoretical concepts, as a typical computing method would be a 
traditional expository lecture. 
 Materials 
Sketching is viewed as an integral part of the development of creative thinking and design 
skills (Section 2.9.2), yet there is no formalized teaching of sketching or common use of the 
sketchbook in these courses. 
3.5.2 Pedagogical Activities 
 Nature of the Interactions 
Collaboration between lecturer and student as well as student peers is key to the studio 
teaching method. It is not only acceptable, but required for students to learn from each other. 
In traditional computing education, this would be perceived as “copying”. There is no clear 
method for orienting students to this practice of sharing ideas. 
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 Content 
There are no guidelines for successful inclusion of theory as part of the studio method. The 
benefit of having one extended project for the duration of a course, revisited at different 
levels of detail, has not been investigated. 
 Assessment 
Design critiques are not as integral to the learning process as in the traditional studio method. 
It is unclear as to whether this is due to the limited time available, or the lecturers’ lack of 
familiarity with the method. 
No clear guidelines have emerged as to the best practice for grading and evaluating digital 
design artefacts and content-knowledge. 
An aspect of concern for non-design academics is the assessment of creativity. According to 
Wesson (2007) the evaluation of creative work is problematic, as it is perceived to be 
subjective. While standard techniques such as heuristic evaluation are routinely used to 
evaluate usability, there is not yet a standard methodology for assessing creativity and design 
quality in digital design. Design educators overcome this problem by setting valid criteria at 
the start of projects, against which the results are evaluated (Duker 2009; Hardman 2009), a 
method which could be adopted within the discipline of digital design. 
3.5.3 Epistemology 
Traditional computing education has already begun to move away from classical knowledge-
based education to a more constructivist approach (Section 3.3.2.3). Design studio teaching 
methods are strongly based in a constructivist methodology, so the two methods have moved 
closer. However, the courses reviewed were limited to adapting typical design studio teaching 
methods to a traditional computing environment in order to teach the design components of 
the existing modules. There was no explicit effort to develop a culture and philosophy of 
creativity and design thinking. 
CHAPTER 3 
TEACHING CREATIVE DESIGN 
  Page 93 
Design educators are themselves questioning the validity of their teaching methods in a 
technological environment that offers many new tools and interaction opportunities (Norman 
2001; Buxton 2007; Demirbas 2008). Norman advocates a “paradigm shift” in design 
education; Demirbas recommends an approach that provides a learning experience that will 
accommodate all learning styles. Buxton draws attention to the fact that new technologies 
and methods will require an equivalent change in education. 
Greenberg (2009a) believes one should go beyond evaluating if the students learnt about 
design and ask whether or not students continued using these practices, to future jobs and 
applying them to real design problems. 
If traditional design programmes were to have design studio courses throughout the entire 
programme, students would become so familiar with design best practice that it would 
become an instinctive part of their design process. By offering a modified version of the studio 
in a single computing module, one can expect to give students an idea of what design is 
about, but realistically, one cannot expect them to develop their skills to the same level as 
traditional design students. As Greenberg (2009a) states: 
“The ideal solution, of course, is to transform a good portion of Computer 
Science into a design discipline using the tricks of the trade found in design 
programs. This is not that far-fetched. While some courses are predominantly 
about knowledge transfer, a vast number of courses in Computer Science are 
project based and amenable to structured design. Perhaps the greater 
problem is that Computer Science faculty members need to retrain 
themselves as designers before this can happen.”  
Brandt (2008) agrees that computer science can be viewed as a design discipline. Many 
application areas, for example graphics and visual programming, artificial intelligence, 
information systems and human computer interaction require some form of design. Digital 
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design includes design of algorithms, interfaces, interactions, programs, specifications, 
simulations and entire systems. 
Further exploration and experimentation would help to derive a model that would be relevant 
to the creative and innovative needs of contemporary digital design practice. In the words of 
Norman (2001): 
“...and perhaps even more provocative way of viewing design is in the context 
of a pedagogical model involving ‘design thinking’. This is a more generic 
application of the thinking that is inherent to the art-related, creative process 
of invention.”  
3.5.4 Profile of Facilitator 
There is no indication of how to prepare an academic who does not have existing design 
knowledge and experience, or who lacks familiarity with the studio teaching method, for 
teaching and assessing a studio-based course. 
However, as Greenberg states, computing academics are not designers. Lecturers in 
traditional computing programmes tend to have backgrounds and interests that predispose 
them to a preference for theoretical teaching methodologies, rather than the more practical 
orientation required for teaching creative design (Kornecki 2008). Wong et al. (2007) conclude 
that one of the stumbling blocks for computing academics  to successfully teach creativity is 
their own lack of experience of creative design and process. In order to progress the teaching 
of creativity in computing education, educators must themselves be involved in creative 
processes such as reflective practice, experiential learning and participation in communities of 
creative practice. 
3.5.5 Profile of Students 
Students are unfamiliar with the culture of a design studio, but there is insufficient evidence 
for the effect this has on their learning. 
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3.6 Research  Questions Arising from Gaps in Knowledge 
A design studio teaching method has been identified as being central to the teaching of creative 
design, and is specifically intended to lead to the development of design thinking skills (Section 3.3.1). 
Some computing educators have implemented studio teaching methods in their traditional 
computing modules, and these examples have been examined to identify how these studio teaching 
methods could be adapted for use in traditional computing education (Section 3.3.2). 
The design teaching methods used in the courses studied had elements that were successful, but all 
the educators acknowledged there was much to be done to improve on their attempts. As well as 
these improvements, it was identified that there were certain gaps in the knowledge of how to apply 
studio methods within a traditional computing environment, that had either not been sufficiently 
explored, or had not even been considered (Section 3.5). 
A key issue that was identified in the review, but not addressed by the example programmes that 
were studied, is that there are important differences in the training and experience of design 
educators and those in the computing field, as well as differences between the education 
environments in the two fields. These differences impact the understanding non-design academics 
have about teaching design and their ability to utilise a studio teaching approach. It was concluded 
that these differences required further exploration and experimentation in order to develop effective 
studio teaching methods that could be applied to teach digital design. This could be done by 
conducting an empirical study to explore, and then analyse, the experience of non-design computing 
academics, when implementing studio teaching methods in traditional computing modules. 
The central concept to be examined, how studio teaching methods could be implemented by non-
design computing academics to teach digital design in a traditional computing environment  
(Research Question 5) was analysed further and a number of subordinate questions to be explored in 
an empirical study were devised. These questions, listed in Table 3.5, will help to direct attention to 
the aspects of the data that need to be studied. 
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Main Question How can non-design computing educators implement adapted design studio 
teaching methods in their own programmes? 
Subordinate 
Questions 
1. How do non-design computing educators adapt traditional scheduling and 
venues to accommodate studio teaching methods? 
2. How easily can non-design computing educators adapt studio methods to 
accommodate content and learning objectives? 
3. How well is the concept of studio teaching understood by non-design 
computing educators? 
4. How can non-design computing educators be prepared for teaching with 
modified studio teaching methods? 
5. How can non-design computing educators learn creative design and design 
thinking for themselves? 
Table 3.5 Empirical Study Research Questions 
The study would be of the experience of non-design computing academics in applying studio teaching 
methods. By focusing on the aspects indicated by the research questions, it is anticipated that some 
information would be obtained that would assist in addressing the gaps in knowledge identified in 
Section 3.5.  
3.7 Conclusions 
The review of different learning and teaching styles did not lead to conclusive findings with respect to 
the profiles of typical computing and design students (Section 3.2). However, it did draw attention to 
the need for educators to be aware of learning and teaching style preferences and differences, and to 
design their teaching to cater for all styles. 
Design studio teaching methods are considered to be a core methodology in the education of creative 
design disciplines (Section 3.3.1). The studio method has been shown to follow Kolb’s Experiential 
Learning Cycle, and is therefore a methodology that could be used to cater for all learning styles 
(Section 3.2.2). It has also been recognised as having at the heart of its epistemology, the 
development of design thinking. 
The difference in nature of the computing and design disciplines is reflected in the difference in their 
respective typical teaching methods, with computing education following a traditional expository 
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lecture style, suited to the convergent thinking of the computing systems design process 
(Section 3.3.3). 
Certain computing academics have recognised the need to adapt their teaching methods to include 
the teaching of creative design, and have applied design studio teaching methods to teach the design 
components of their modules (Section 3.4).  
A learning systems model was devised and used to show the elements of typical design studio and 
typical computing teaching methods and how they relate to each other (Section 3.3.3). This model 
was helpful as a tool in comparing the different methods and identifying the elements used in existing 
computing modules implementing adapted studio teaching methods.  
The results of the review of these modules indicate that this is a useful approach to develop further, 
towards the goal of promoting creativity and design thinking in computing education. The results 
were analysed further to identify the gaps in knowledge that could be focused on in future research 
(Section 3.5). One of the key areas identified was that there was no clear procedure for non-design 
academics to follow to be able to plan and implement studio methods in their courses. There was 
also no indication of what was necessary for them to develop their own skills and knowledge of 
creative design process and practice. 
An empirical study was required to examine how studio teaching methods could be implemented by 
non-design computing academics to teach digital design in a traditional computing environment 
(Section 3.6). A set of research questions was devised to direct attention towards the aspects of the 
study that would inform this examination. 
The following chapter describes the design of the research and methods used in the empirical study. 
A case study approach was used to explore how non-design academics could implement elements of 
a studio teaching method in traditional computing education. 
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C h a p t e r  4    
R E S E A R C H  D E S I G N  A N D  M E T H O D O L O G Y  
How can non-design computing academics implement adapted design studio teaching methods in 
their own programmes? 
4.1 Introduction 
Chapter 2 presented a comprehensive review of technical literature with the aim of establishing why 
a need has emerged for computing  professionals to develop design thinking (Research Question 1), 
and to identify how design thinking is different to the systems design traditionally used in computer 
science (Research Question 2). It was concluded that the role of creative design has become 
increasingly important for the design of contemporary digital products and systems, or digital design. 
However, the different natures of creative design and computing systems design mean that computer 
professionals are not adequately trained to develop the design thinking and creativity necessary in 
contemporary digital design. Therefore it was proposed that creative design needed to be introduced 
into computing education to promote design thinking and creativity in computing students. 
In Chapter 3, after examining how creative design is typically taught in the creative disciplines 
(Research Question 3) and comparing this with typical methods of teaching computing, it was 
established that a design studio teaching method is central to the teaching of creative design. 
Examples of computing modules that had implemented modified studio teaching methods were 
examined to identify how these studio teaching methods could be adapted for use in traditional 
computing education (Research Question 4). 
This examination led to the conclusion that there were certain gaps in the knowledge of how to apply 
studio methods within a traditional computing environment, that had either not been sufficiently 
explored, or had not even been considered. A key issue, identified in the review, but not addressed 
by the example modules that were studied, is that there are significant differences in the training and 
experience of design educators and those in the computing field, as well as differences between the 
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education environments in the two fields. These differences negatively impact the ability of non-
design academics to utilise studio teaching methods in their own teaching. 
It was decided to conduct an empirical study to examine the experience of non-design computing 
academics in applying studio teaching methods, with the overall objective being to identify what 
aspects of studio teaching would be easy to adapt, and which aspects required further attention. 
Explicit methods for applying studio teaching to traditional computing modules could then be 
developed and proposed (Research Question 5), and tested in future research. 
The objective of this chapter is to provide an overview of the study and to describe the research 
design and methodology used in the empirical study. The theoretical framework and overall approach 
to be used in the study is discussed (Section 4.2); the approach to be applied to select and analyse 
data is explained (Section 4.3); and the limitations of and challenges to the study are presented 
(Section 4.4). 
4.2 Empirical Study Design 
This research was undertaken from a phenomenological position, using thematic analysis to analyse 
qualitative data collected from a case study. 
A phenomenological approach was considered to be appropriate for this study, as the main goal of 
the study was to develop a particular teaching method from the reported experiences of students 
and academics.  
4.2.1 Theoretical Framework 
Phenomenology is an interpretive approach that is often used in education studies, and allows the 
researcher to reflect on various types of experiences, both personal and from the first person point of 
view of participants of the study (Creswell 1997). 
Phenomenology may be viewed as one of the main fields of philosophy (Smith 2008), the others being 
ontology, the study of being; epistemology, the study of knowledge; logic, the study of valid 
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reasoning; and ethics, the study of right and wrong behaviour. Phenomenology focuses on the study 
of conscious experiences, from a subjective point of view, in order to understand how the world 
appears to others (Trochim 2006; Smith 2008). A literal interpretation of the term is the study of 
phenomena, or things as they appear in our experience. Various types of experience may be studied, 
including perception, thought, memory, imagination, emotion, bodily awareness, action and social 
activity. The relevant conditions and the context of the experiences form part of the study. 
In this study, the conditions and context of the experience or phenomenon, are the non-design 
computing academics and their students, and the traditional computing education environment in 
which the teaching occurs. 
The particular phenomenon, or central concept being examined in this study, was how studio 
teaching methods could be implemented by non-design computing educators to teach digital design in 
a traditional computing environment (Research Question 5). A number of subordinate questions were 
devised (Section 3.6 and Table 4.1). These questions originate from the learning system model 
proposed (Section 3.3) and the gaps in knowledge identified (Section 3.5). The questions are intended 
to direct attention to the aspects of the data that need to be studied in order to provide more 
information relating to the issues identified as gaps, or requiring further exploration.  
Main Question How can non-design computing educators implement adapted design studio 
teaching methods in their own programmes? 
Subordinate 
Questions 
1. How do non-design computing educators adapt traditional scheduling and 
venues to accommodate a studio teaching methods? 
2. How easily can non-design computing educators adapt studio methods to 
accommodate content and learning objectives? 
3. How well is the concept of studio teaching understood by non-design 
computing educators? 
4. How can non-design computing educators be prepared for teaching with 
modified studio teaching methods? 
5. How can non-design computing educators learn creative design and design 
thinking for themselves? 
Table 4.1 Empirical Study Research Questions 
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The procedural guidelines for phenomenological research provided by Creswell (1997) were followed 
in the design of this study. The application of the procedural guidelines is discussed as part of the 
research methodology (Section 4.3) in relation to the overall design of the empirical study. 
A case study is one method of conducting a phenomenological study (Olivier 2009). A case study is an 
appropriate method by which to conduct this empirical study as, according to Olivier, the goal of a 
case study is “to learn from the current situation in real life”, which could be done in this instance. 
This goal can be achieved by observing a variety of aspects of a few instances, and by studying a 
phenomenon in the actual situation in which it occurs. It would be possible to set up a real life 
situation to investigate the phenomenon under examination. This would be achieved by providing a 
group of non-design computing educators with a set of guidelines for how to adapt studio teaching 
methods to their modules, analysing the results of their efforts, and so being able to develop a 
learning system model for future use. 
According to Yin (2003), there are three factors that impact the choice of research strategy, and, in 
analysing these, it was clear that an exploratory case study would be the relevant approach. 
1. The type of research questions were explanatory (Table 4.1), dealing with an explanation of how 
things are done, rather than mere frequencies or incidences. Explanatory research questions 
lend themselves to a case study approach. 
2. The investigator had little control over the behavioural events to be examined, which is a second 
indication that a case study is an appropriate method of study. 
3. The events to be examined were contemporary, not in the past, which is the third criterion for 
choosing a case study. 
As with most research techniques, there are both advantages and disadvantages associated with a 
case study approach (Stake 1998; Neale, Thapa and Boyce 2006; Colorado State University 2009; 
Olivier 2009). The advantages as they relate to this study are: 
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 Multiple methods of data collection were possible, for example interviews, surveys, 
observation and focus groups. This allowed for triangulation of data. 
 The situation allowed flexibility to begin the investigation with broad questions in mind, and 
then narrow the focus as the study progressed, rather than attempt to prescribe or predict all 
possible outcomes before starting. 
 The emphasis on context that is typical of a case study approach results in data known by the 
term “thick description”. This refers to detailed descriptions of method and context that help  
to create an emphasis that connects abstract theory with concrete practice. This was 
considered to be advantageous as one of the main outcomes of the project was a practical 
model which non-design academics would be able to apply in their teaching. 
 The case study approach allows for the role of the researcher to range from that of 
participant observer to a less participatory observation, as appropriate. This would be useful, 
as the researcher would be able to engage with the lecturers in a more active manner, while 
at the same time remaining an uninvolved observer with the students. 
The main disadvantages of the case study method and how they were addressed in this study are: 
 A weakness of the case study method is its inherent subjectivity, as the results are the 
interpretation of the researcher. However, this may be said for most forms of qualitative 
research. Subjectivity was safeguarded against by a variety of means, including having the 
academics participating in the study write reflections on their own work, which allowed the 
researcher’s conclusions to be suitably contextualised; using the process of triangulation by 
having a variety of data sources and modes of data collection; holding regular focus group 
meetings with peers involved in the study to discuss the researcher’s interpretation of the 
data; and corroborating findings with referential material such as other studies and 
documents, where possible. 
 It is considered to be difficult to generalize from one case to another, or in some instances, 
case studies are prone to overgeneralization, by making assumptions with insufficient 
evidence that what has been observed is typical or representative of the relevant population. 
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However, as the case study method is not designed with the intention of generalizing, little 
can be done to address this concern. This study was exploratory, without attempting to prove 
a theory, and was viewed as a step in the process of extending knowledge in the particular 
domain of the study. 
 The main ethical issues that required consideration in this study related to the sensitive, and 
sometimes personal, nature of the questions the researcher would be asking. For example, 
students were asked their opinions of the presentation of the module, which had the 
potential of affecting their future. However, there was no power relationship between the 
primary researcher and the students, and care was taken to ensure that any feedback 
obtained from them was kept anonymous and would not influence the relevant lecturer’s 
assessments of the students. All ethical procedures of  the institution in which the study was 
conducted would be followed. 
Yin (2003) specifies four measures by which the quality of a case study may be measured, namely 
construct validity, internal validity, external validity and reliability. The following tactics were 
employed in order to meet these criteria: 
 Construct validity was addressed by collecting data from multiple sources and by ensuring 
that the chain of evidence linking the data collected to the case study questions was clearly 
established (Section 4.2.4). The draft case study was reviewed by one of the key informants, 
who was also the researcher’s supervisor. 
 Internal validity was addressed by creating a careful plan for data analysis, and following it, 
with specific attention to Braun and Clarke’s 15-point checklist for good thematic analysis 
(Braun and Clarke 2006). 
 External validity was not considered a high priority in this study, as the investigation was 
viewed as a step in building knowledge, which would be tested further in future research. 
 Reliability refers to the goal of minimizing errors and biases in a study, and was achieved by 
documenting the procedures to be followed (in this chapter), and then carrying them out. 
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4.2.2 Case Study Selection 
The most important criterion in deciding which case to select followed the advice of Stake (1998); 
that is, the case selected must be “the one from which we feel we can learn the most”. According to 
Stake, the case that offers the greatest opportunity to learn may not be the one that is most 
representative of the situation. Rather, it would be the one in which the researcher is able to spend 
the most time, even if the particular case is not necessarily as representative as another one might 
be. 
It was necessary to select a real life situation that would fulfil the main goal of the case study. The 
main goal was to explore how easily computing academics, with little or no creative design 
experience, could adapt studio teaching methods in order to teach digital design within their own, 
existing traditional computing programmes. 
The intention was to provide such academics, who were interested in using studio methods, with 
some guidelines, based on the results of the literature review presented in Chapters 2 and 3. Using 
these guidelines, the academics would present their modules. The researcher would gather data from 
both the lecturers and their students, to identify what aspects of the studio teaching methods they 
implemented well, and what aspects were not well done, or were ineffective in the traditional 
environment. The collected data would then be analysed, with the intention of learning information 
that could be used to fill the gaps in the partial model for an adapted studio teaching method that 
was presented in Chapter 3 (Section 3.5). 
The case selected for this study was both representative and accessible, thereby meeting Stake’s 
most important criterion.   
The case was representative in that there were three existing computing modules that met the 
criteria, all of which included components of design as part of the content. All three modules were to 
be presented by academics with little or no creative design experience (Table 4.3). However, the 
academics did support the concept and intentions behind the application of studio teaching methods. 
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The case was accessible, as the three modules were offered within the researcher’s own department, 
the Department of Computing Sciences at the Nelson Mandela Metropolitan University (NMMU). 
The case selected for the study can be described, according to Yin’s (2003) classification, as an 
embedded, single-case design. This type of case study design refers to a single case that contains 
more than one unit of analysis. In this instance, the subject of the case study was three modules, or 
units of analysis, within one department. 
4.2.3 Data Collection and Analysis 
Data was collected from multiple sources and using a variety of methods. This provided the 
opportunity for triangulation, or the development of converging lines of inquiry, which is considered 
to be an important advantage in case study research (Yin 2003). These methods included 
questionnaires, interviews, focus groups and written reports (discussed in detail in Section 4.3.2).  
The intention was to gather data from both the lecturers presenting the modules and the students 
taking the modules, so as to obtain data that reflected both lecturer and student perspectives of the 
application of the teaching methods. Students were to be asked to participate in focus groups to be 
held on a regular basis throughout the semester, and to complete questionnaires relating to their 
experience of the relevant module towards the end of the semester. Lecturers would attend weekly 
focus groups throughout the process, and would complete questionnaires towards the end of the 
semester. This would be followed up with written reports and interviews, if necessary, to obtain 
additional information. 
Questionnaires were chosen as instruments for the collection of data because  they can be designed 
using open-ended questions in such a way that respondents can give their own comments and 
perspectives (Anderson and Arsenault 1998), which is important for a phenomenological study. Focus 
groups are also applicable to a phenomenological study. The group setting encourages participants to 
provide both positive and negative viewpoints. 
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The form of thematic analysis applied in this study was an inductive, data-driven analysis, or a process 
of coding data without trying to match it to a predetermined framework. This is compatible with the 
phenomenological concept of epoché,  whereby the researcher sets aside preconceptions as much as 
possible in order to understand the experiential phenomenon that is the object of the study through 
the perspective of the study’s participants (Creswell 1997). 
The thematic analysis was conducted across all data sets, within an essentialist/realist epistemology 
(Braun et al. 2006). This approach allowed the data to be analysed in a straightforward way, reporting 
the data in terms of experiences, meanings and the individual perspective of the informants, rather 
than having a social context, as with a constructionist perspective. 
The themes provided a “rich thematic description” (Braun et al. 2006) across all the data sets, to give 
a sense of which themes were important overall in relation to the research questions. The analysis 
was conducted at a latent rather than a semantic level, as it was considered relevant to describe the 
themes and then interpret how they related to the research questions. The overall objective was to 
inform and propose teaching methods, not to interpret and explore the ideologies and assumptions 
underlying the themes that emerged, as would be the case with a semantic analysis. 
The six phases of thematic analysis suggested by Braun and Clarke were followed, and are discussed 
in  more detail (Section 4.3). It is important to note that the analysis process is not linear, or a 
sequential movement from one phase to the next. Rather, it is a recursive process, returning to 
earlier phases as required throughout the study. The researcher needs to be engaged in a reflexive 
dialogue with regard to the issues under examination throughout the process of analysis (Braun et al. 
2006). 
This was particularly suitable to this study as the recursive and reflexive nature of the process has 
strong similarities to the creative design process, which was part of the actual subject under 
investigation. 
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4.2.4 Chain of Evidence 
Yin (2003) encourages maintaining a chain of evidence to increase the reliability of the information 
obtained from a case study. This principle aims to allow an external observer, such as the reader of 
the case study report, to be able to clearly see how the results were obtained from, and relate to, the 
data collected. 
This was done by ensuring that the questions asked in student and lecturer questionnaires were 
directly related to the case study questions (Table 4.1), and that all the data collected was stored in 
such a way as to form an accessible “database” of information. Student and lecturer questionnaires 
were submitted electronically and saved. Case notes from interviews and focus group meetings were 
written up and stored electronically. Emails used as data were saved electronically. All this material 
contains dates and relevant contextual information. These data are cited when referred to in the 
relevant portion of the case analysis. 
4.2.5 Case Study Report 
The case study report forms part of the overall dissertation for this research. The structure of the 
dissertation follows Moustakas’s outline of chapters (Creswell 1997). 
Table 4.2 summarizes Moustakas’s model, and shows the corresponding chapters in this study. 
CHAPTER 4 
RESEARCH DESIGN AND METHODOLOGY 
  Page 108 
Chapter # 
in Model 
Content Relevant 
Chapters in 
This Study 
1: Introduction, 
statement of 
topic and 
outline. 
Background and relevance of topic. 
New knowledge and contribution to the profession that is expected 
to emerge from studying the topic.  
Research questions. 
Terms of the study. 
1 
2: Review of the 
relevant 
literature. 
Introduction to literature and databases searched. 
Themes that emerged from the study. 
Summary of core findings and statements as to how the present 
research differs from prior research. 
2 & 3 
3: Conceptual 
framework. 
The conceptual framework, including the theory to be used. 
The concepts and processes related to the research design. 
4 
4: Methodology 
(3 & 4 may be 
combined) 
Methods and procedures in preparing to conduct the study; collect 
data; organize, analyse and synthesize data. 
5: Presentation of 
data. 
Examples of data collection, data analysis, a synthesis of data, 
horizontalization, meaning units, clustered themes, textural and 
structural descriptions. 
A synthesis of meanings and essences of the experience. 
5 & 6 
6: Summary, 
implications 
and outcomes. 
Summary of the study. 
Statements about how the findings differ from the literature review. 
Recommendations for future studies. 
Identification of limitations. 
A creative closure that speaks to the essence of the study and its 
inspiration for the researcher. 
7 
Table 4.2 Summary of Moustakas’s Outline of a Phenomenological Study after Creswell (1997) 
4.3 Methodology 
This section explains the research methodology used in the case study and the subsequent thematic 
analysis in detail. 
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4.3.1 Defining the Case 
Three modules being presented in the Department of Computing Sciences at NMMU were both 
representative and accessible for the implementation of a modified studio teaching method, thus 
meeting the requirements of case study selection, as discussed in Section 4.2.2. 
The Department of Computing Sciences combines the teaching of computer science and information 
systems modules, thereby contributing towards qualifications in both the Science and Commerce 
faculties. In addition, some service courses are attended by students from the Arts faculty (NMMU 
2009). 
The modules each had completely different content, while including some aspects of design. Each 
module was presented by a different lecturer, all of whom had little or no experience of creative 
design. The modules were second and third year modules, with some third-year students taking two 
out of the three modules. One of the modules, Web Page Design 2.2, had students from the Arts and 
Commerce faculties, rather than mainstream Computer Science students, as in the other two 
modules. This was expected to bring a perspective and focus that would be different to that of the 
other two modules, resulting in interesting comparisons. 
The modules were accessible as they were all offered by the researcher’s home department, that is, 
the Department of Computing Sciences at NMMU. 
The modules selected for the case study are described in detail in Table 4.3. 
The researcher did not take an active participatory or participant-observation role in the teaching of 
the modules, as this would have interfered with the dynamics between lecturer and students 
(focusGroupNotes.pdf, Appendix on CD). As the aim of the research was to examine how a non-
design academic could adapt studio teaching methods in the course of their normal teaching, it was 
desirable not to interfere in any way with this process. The researcher’s role with the students was 
therefore limited to that of gathering feedback by administering questionnaires. 
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Module 
Information 
Students Content and Presentation Lecturer 
Web Page Design 
2.2 
Second year 
module, following 
a first semester 
module where 
students learnt the 
technical aspects 
of creating web 
sites and pages. 
Second and third 
year students 
taking the module 
as part of either a 
BA Media or a 
BCom marketing 
degree. (Not 
mainstream 
Computer Science 
students.) 
Total number: 39 
Number 
participating in 
study: 16 
The focus of this module was for students to 
learn and practise a design process and apply 
design principles in the creation of web sites. 
The main content of the module included web 
site design and development within a web 
design process, graphic design as applicable to 
web design and an introduction to scripting.  
This module had previously been taught using 
some of the modified studio methods to be 
adopted, so was expected to be easier to 
adapt to include the proposed techniques. For 
example, lectures have been presented 
interactively in the computer labs for some 
years, and a portfolio forms part of the 
assessment. 
The lecturer 
presenting the module 
was not the module’s 
usual lecturer, and 
classified herself as a 
typical non-designer, 
with her design 
experience as 
“probably close to 
none” (Lecturer1.pdf, 
Appendix on CD). 
User Interface 
Design 3.1 
Third year module. 
This was the first 
time this module 
had been 
presented at third 
year level. It was 
previously an 
honours level 
module. 
Third year, 
mainstream 
Computer Science 
students, with little 
or no exposure to 
design concepts.  
Total number: 36 
Number also in 
WRMS302: 17 
Number 
participating in 
study: 18 
This module required a major focus on design 
concepts and practice. 
Content included issues involved in the design, 
implementation and evaluation of user 
interfaces for interactive systems and follows 
a structured, user-centred approach to 
designing object-oriented user interfaces. 
The lecturer was very 
motivated to 
implement the new 
approach, believing it 
would be more 
interesting that the 
traditional approach 
(Lecturer2.pdf, 
Appendix on CD). She 
believed her interface 
design experience in 
the third year projects 
course would be 
beneficial in the 
application of this 
approach. 
Multimedia 
Systems 3.2 
Third year module, 
following a first 
semester module 
that focused on the 
production 
techniques of 
multimedia 
artefacts. 
Third year, 
mainstream 
Computer Science 
students with some 
exposure from the 
first semester 
module to design 
concepts. 
Total number: 19 
Number also in 
WRUI301: 17 
Number 
participating in 
study: 11 
The primary aim of this module is to teach 
students the knowledge and skills required to 
know, understand, apply, analyze, develop 
and evaluate simple multimedia systems at an 
advanced level. 
The main content of the module includes 
video making, advanced multimedia 
programming (including action games), 3-D 
modelling and animation. 
This module, and its first semester pre-
requisite, already used some of the methods 
to be adopted (including portfolios), though a 
different set to those that had been adopted 
in the Web Page Design 2.2 module. For 
example, a traditional lecture format was 
followed and the content was quite different 
to that of the Web Page Design 2.2 module. 
The lecturer believed 
that the studio 
approach would be an 
appropriate way for 
students to learn 
multimedia systems 
development, for 
example, learning to 
generate a large set of 
early prototypes and 
to work as a group. He 
describes himself as 
“a non-designer (in 
terms of personal 
experience) who 
knows something 
about design (in terms 
of teaching and 
research)” 
(Lecturer3.pdf, 
Appendix on CD). 
Table 4.3 Modules in the Case Study 
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The researcher assumed a more active role with the three lecturers, that is, a participant-observation 
role. This was done for a dual purpose. Firstly, to be able to gather information as the case 
progressed, and secondly, to facilitate the creation of a “community of practice”, one of the 
suggested methods of developing skills and knowledge in the domain of creative design and design 
thinking (Section 3.5.4). 
The researcher is trained as an artist, as well as being a computer scientist, which positioned her as a 
useful resource in this study. She provided the lecturers with guidelines for implementing studio 
teaching methods which she had compiled (preliminaryGuidelines.pdf, Appendix on CD), arising from 
the literature review and interviews with design educators. These guidelines were intended to 
provide background on studio teaching methods and advice about how to structure the modules, 
without being prescriptive, as each personality should be allowed to develop their own specific 
approach (Hardman 2009). The guidelines included material the lecturers could use for providing 
students with information about design critiques and how they work; what is expected in terms of 
participation; and instructions for how to use tools such as the sketchbook and portfolio. Much of this 
information came from resources developed by Greenberg (2009b), to which he generously allowed 
access. 
Regular weekly focus group meetings, facilitated by the researcher, were held with the three 
lecturers, as a key device in the development of a community of practice. 
4.3.2 Collecting the Data 
At the beginning of the semester, students were invited to participate in the study by taking part in 
focus groups. Participation was to be voluntary, and would have no impact on the assessment of their 
performance in the module. No potential ethical problems were foreseen, and approval for student 
participation was granted via the normal university channels (humanEthics.pdf, Appendix on CD). 
However, only eleven students (out of a possible total of 95) from all three modules were willing to 
participate, so it was decided not to hold focus groups with students, but to gather feedback using 
questionnaires.  
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Two questionnaires designed to obtain feedback from the students. The first questionnaire 
(questionnaire1.pdf, Appendix on CD) asked open-ended questions of a fairly general nature, similar 
to the standard module questionnaire used in all faculties at the university. The intention was to 
administer this questionnaire two-thirds into the semester, and obtain a broad idea of the students’ 
perceptions. The responses would be used to provide input into the design of a second questionnaire, 
which would contain more specific questions, targeting the specific issues under consideration and 
allow students to expand on concepts expressed in the initial responses. 
Responses were obtained from 16 Web Page Design 2.1 students, 18 User Interface Design 3.1 
students and 11 Multimedia Systems 3.2 students (Table 4.3, Table 5.3). 
The first questionnaire was used with the User Interface Design 3.1 students, then the second 
questionnaire (questionnaire2.pdf, Appendix on CD) was created and given to the Web Page Design 
2.2 students. However, the more specific questions of the second questionnaire appeared to limit the 
students’ responses, so the first questionnaire was used again with the Multimedia Systems 3.2 class. 
Students completed the questionnaires electronically, and saved them with a randomly allocated 
number as the file name. This was to ensure anonymity, as well as to facilitate the creation of an 
electronic “database” of the data collection and analysis. 
A questionnaire (lecturerQuestionnaire.pdf, Appendix on CD) was devised to obtain preliminary 
feedback for the lecturers. This was similar in nature to the first student questionnaire, as the 
questionnaire was intended to obtain the lecturer’s general feelings about their progress, as well as 
to provide input into refining the questions to be asked of the students via the second student 
questionnaire. 
Towards the end of the semester, each of the lecturers wrote a self-reflective report, documenting 
their experience. The researcher offered a range of questions as prompts, designed to elicit feedback 
that would inform the case study questions (additionalReflections.pdf, Appendix on CD). A 
description of the model of typical design studio teaching methods (Section 3.3.1) was provided as 
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additional background material. The exact structure and nature of the report was left to each lecturer 
to decide. 
Informal interviews, ad hoc discussions and emails between lecturers and researcher throughout the 
semester served both to communicate what was taking place and to explore options with regard to 
the teaching approach. 
After analysis of all the above data, the researcher requested further, specific information from the 
lecturers, which was documented in the form of emails. 
4.3.3 Analysing the Data 
A thematic analysis of the data collected from all three modules was conducted, following the six 
phases suggested by Braun and Clarke (2006): 
1. Familiarizing oneself with the data. 
2. Generating initial codes. 
3. Searching for themes. 
4. Reviewing themes. 
5. Defining and naming themes. 
6. Producing the report. 
The data items contained responses ranging from extensive narratives to succinct descriptions, to 
partially complete, to vague and nondescriptive. The extracts were critically examined and 
interpreted to ascertain both explicit and implicit concepts.  
 As the data was analysed, extracts were copied into two Excel spreadsheets (analysis.xlsx and 
thematicAnalysis.xlsx, Appendix on CD), to make it easier to collate codes and themes. These 
spreadsheet forms part of the database used to show the “chain of evidence” (Section 4.2.4). 
Twenty-five initial themes emerged from the initial coding process (phases 2 and 3) across all the data 
sets in the inductive process. These were reviewed and refined during phases 4 and 5. This involved a 
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process of checking the themes in relation to the coded extracts, collapsing themes that belonged to 
the same concept, and then naming the themes to reflect the essence of each theme.  
Seven final main themes were identified: 
 Assessment; 
 Content; 
 Different levels of learning; 
 Nature of interactions; 
 Preparing the lecturer; 
 Process; and 
 To do next / differently. 
These themes were analysed in the report in relation to the identified gaps in knowledge and 
modified studio method learning system model (Section 3.5). 
Braun and Clarke’s (2006) 15-point checklist was used to review the analysis for quality, to ensure the 
internal validity of the analysis, as mentioned in Section 4.2.1. 
4.4 Limitations of the Study 
The student questionnaires were administered during class time. This meant that students who did 
not attend that day did not provide feedback. Therefore the data sets containing student feedback 
were incomplete. This could mean that no data was obtained from students who had lost interest in 
the module. This could have been useful in terms of understanding their motivation for not 
attending, and how it related to the change in teaching method. 
One case study was conducted, within a single department in one institution. The intention was to 
explore which aspects of studio teaching methods were easy for non-design computing academics to 
understand and adapt to traditional computing courses, and which aspects required more attention 
or a different approach. The implication of this is twofold. Firstly, the study did not measure the 
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effectiveness of using design studio teaching methods to teach digital design. Secondly, the results of 
the study cannot be generalized, and the proposed model of teaching methods is intended as a 
“candidate” approach only, to be tested in future research. 
4.5 Summary 
A phenomenological approach was used to conduct an empirical study intended to explore how non-
design computing academics could adapt studio teaching methods to teach digital design within their 
own traditional computing programmes (Research Question 5). Five subsidiary research questions 
were developed to focus attention on the relevant aspects of the data (Table 4.1). 
A case study was chosen as an appropriate method to collect data, because the research questions 
were explanatory in nature, the researcher had little control over the teaching of the modules to be 
studied, and contemporary events were to be examined (Section 4.2.1).  
An embedded single-case study was selected, as it was both representative and accessible 
(Sections 4.2.2 and 4.3.1). Three existing computing modules, presented by three different lecturers 
in the Department of Computing Sciences at the NMMU were the subject of the study. The modules 
were Web Page Design 2.2, User Interface Design 3.1 and Multimedia Systems 3.2. 
Data was collected from multiple sources, including questionnaires, interviews, focus group meetings, 
written reports and emails (Sections 4.2.3 and 4.3.2).  This enabled triangulation of data and provided 
both lecturer and student perspectives on the implementation of studio teaching methods. 
Thematic analysis was used to analyse the data (Section 4.3.3). This resulted in seven themes being 
identified: assessment; content; different levels of learning; nature of interactions; preparing the 
lecturer; process; and to do next / differently. 
Guidelines proposed by various experts were followed to ensure that the study was conducted in a 
appropriate, scientific manner (Section 4.2). These included procedures for a phenomenological study 
(Creswell 1997), case study methods (Stake 1998; Yin 2003) and thematic analysis (Braun et al. 2006). 
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The study was exploratory in nature, and included only one embedded, single-case study. Therefore 
any recommendations to be proposed from the results are to be considered as a possibility, for 
further study, not as a proven theory (Section 4.4). 
The next chapter presents and discusses the results of the case study.   
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C h a p t e r  5   
R E S U LT S  A N D  A N A LY S I S  
How can non-design computing academics implement adapted design studio teaching methods in 
their own programmes? 
5.1 Introduction 
The case study described in Chapter 4 generated qualitative data relating to the use of modified 
studio teaching methods in the teaching of three separate computing modules. The aim of this 
chapter is to describe this data and to discuss preliminary conclusions that can be drawn from the 
data. 
An overview of the case study data is provided, showing how the themes that emerged from the 
thematic analysis relate to the case study research questions (Section 5.2), which arose from the gaps 
identified in Chapter 3 and articulated in Section 3.6. The discussion of the data analysis is organised  
according to these case study questions, as shown in Table 5.1: 
Section Case Study Question Relevant Themes 
Scheduling and Venues. 
Section 5.3 
1. How do non-design computing educators 
adapt traditional scheduling and venues to 
accommodate a studio teaching methods? 
Process 
Accommodating Content 
and Learning Objectives. 
Section 5.4 
2. How easily can non-design computing 
educators adapt studio methods to 
accommodate content and learning 
objectives? 
Assessment 
Content 
Different levels of learning 
Nature of interactions 
Understanding of Studio 
Teaching Methods. 
Section 5.5 
3. How well is the concept of studio teaching 
understood by non-design computing 
educators? 
Process 
Preparation for Teaching 
with Modified Studio 
Methods. 
Section 5.6 
4. How can non-design computing educators be 
prepared for teaching with modified studio 
teaching methods? 
Preparing lecturer 
Process 
To do next/differently 
Learning Creative Design. 
Section 5.7 
5. How can non-design computing educators 
learn creative design and design thinking for 
themselves? 
Preparing lecturer. 
To do next/differently 
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Table 5.1 Organisation of Data Analysis 
There is some overlap between the sections, as the elements of the learning system model are 
interdependent, and therefore influence each other. 
For each section, preliminary conclusions are discussed. Data was also collected and analysed to 
determine what was learned in the process of the case study, and to identify where gaps in 
knowledge remain (Section 5.8).  
5.2 Overview of Data 
The data was analysed using an inductive, data-driven thematic analysis, with the resultant themes 
fitting clearly into the learning system model that was used in Section 3.3 and Section 3.5 to describe 
different teaching methods and to identify the gaps in knowledge about the application of studio 
teaching methods within computing education.  
The case study questions were intended to illuminate the final research question of this investigation: 
How can non-design computing academics implement adapted design studio teaching methods in 
their own programmes? (Table 4.1). The intention was to focus the researcher’s attention on the 
main issues that had not been properly addressed by the implementations of a modified studio 
approach reviewed in Section 3.5. 
The data that was generated and collected was from multiple sources: student and lecturer 
questionnaires, focus group meetings with lecturers, written self-reflections by the lecturers, emails 
and informal discussions, all relating to the experience in the relevant module. The data that was 
used in the analysis is available as an Appendix on CD, and the relevant filenames are listed in Table 
5.2. All files stored on the Appendix on CD are listed in the Appendix on page 216. 
CHAPTER 5 
RESULTS AND ANALYSIS 
  Page 119 
Source Name of File on the Appendix on CD 
Lecturer 1 (Web Page Design 2.2) Lecturer1.pdf 
Lecturer 2 (User Interface Design 3.1) Lecturer2.pdf 
Lecturer 3 (Multimedia Systems 3.2) Lecturer3.pdf 
Web Page Design 2.2 students wrwdSurvey.pdf 
User Interface Design 3.1 students wruiSurvey.pdf 
Multimedia Systems 3.2 students wrmsSurvey.pdf 
Focus group meeting focusGroupNotes.pdf 
Analysis spreadsheets analysis.xlsx 
theamaticAnalysis.xlsx 
Table 5.2 List of Data Sources 
Students from the three modules completed questionnaires providing feedback on their experience 
in the relevant module. Some of the questions were quite general in nature, while others were 
specifically related to the implementation of the modified design studio methods. Table 5.3 shows 
the number of completed questionnaires from students in the three modules. 
Module Name Numbers 
Web Page Design 2.2 (WRWD202) 39 registered students.   
Average number regularly attending: 30. 
16 completed questionnaires. 
User Interface Design 3.1 (WRUI301) 36 registered students.  
Average number regularly attending: 26. 
18 completed questionnaires. 
Multimedia Systems 3.2 (WRMS302) 20 registered students. 
17 of these are also registered for WRUI301. 
Average number regularly attending: 12. 
11 completed questionnaires. 
Table 5.3 Student Questionnaires 
Feedback was provided by the lecturers presenting the three modules in the form of completed 
questionnaires, written self-reflections, emails, discussion during focus groups, responses to specific 
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questions documented in emails, and ad hoc discussions. In the discussion that follows, the lecturers 
of each module will be referred to as: Web Page Design 2.2 — Lecturer 1; User Interface Design 3.1 — 
Lecturer 2; and Multimedia Systems 3.2 — Lecturer 3. References will not be specifically cited, but 
can all be found in the sources listed in Table 5.2. 
Each of the lecturers experienced a different degree of success with their implementation of the 
studio approach. Lecturer 2 found that “for the most part, changing the formal lecturing style and 
adopting a more open, discussion-type style was easy and fun”. Lecturer 1 disliked the fact that she 
had a “feeling of uncertainty... of not being very sure that I am doing it properly and that the students 
are getting the theory through the examples”. Lecturer 3 felt that “my attempt to introduce the studio 
approach into WRMS302 was largely a failure”. 
What they did, how they did it, and what was learned in the process is the subject of the analysis that 
follows, with the purpose of “filling in the gaps” in the learning system model for modified studio 
methods for the teaching of digital design. This analysis is intended to provide answers to the case 
study questions, and so be able to recommend explicit teaching methods for non-design academics to 
test in future research (Research Question 5). At the start of each section, a small diagram indicates 
the main “gaps” relating to the themes discussed in the section. 
5.3 Scheduling and Venues 
 
Figure 5.1 Gaps Relating to Scheduling and Venues 
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The first case study research question is: How do non-design computing educators adapt traditional 
scheduling and venues to accommodate studio teaching methods?  
The modules studied that used modified studio methods did not completely address the issue that 
typical computing modules have less scheduled contact time than typical studio courses, and the 
computer laboratories are non-dedicated work spaces in comparison to the purpose-built studios 
(Section 3.5, Figure 5.1). As a result, there is less opportunity for the type of peer-to-peer and 
lecturer-student interaction, communication and sharing of ideas that occurs in typical studio 
environments. 
The limited amount of contact time available in traditional computing education, in comparison to 
more frequent, large blocks of time in studio teaching, means that much of the students’ practical 
work must be completed in their own time. This also impacts the level of interaction amongst 
students and between students and lecturers. An environment closer to that of the studio can be 
achieved by having interactive lectures in computer laboratories, but these laboratories are generally 
not ideal for studio activities. 
The manner in which traditional computing lecture venues and the scheduled contact times could be 
adapted for a modified studio method held some concern for lecturers at the start of the case study. 
Lecturer 2: “It seemed to me as if it would be almost impossible to try a studio approach — where 
students are expected to work longer stretches (e.g 3 – 4 hours, as opposed to the 
“normal” lecture sessions of approx 70 minutes we tend to have) and where students 
are allocated a dedicated working area or space.”  
The other lecturers expressed similar concerns. Lecturer 3 described how the computer laboratories 
were not ideal for the studio method. 
 “Lab 3, in common with all our labs, does not have display boards where project groups 
can put up tangible artefacts (conceptual models, paper prototypes, posters, etc) for 
discussion and refinement. Ideally, it should be possible for project groups to leave their 
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tangible artefacts on display, so that they can come and work on and with them without 
any setup and breakdown costs. There are practical difficulties of limited wall space and 
the fact that Lab 3 is a shared facility.” 
In addition, the academic structure and university timetable was considered to be too rigid to allow 
for appropriate changes in scheduling. The amount of contact time for a module is determined by the 
number of credits it bears, so it was not possible to schedule additional contact sessions for any of 
the modules. The timetable for undergraduate modules is determined by a central body and cannot 
be changed except by special arrangement, and as long as no students have clashes with other 
modules, so the assigned lecture periods could not be changed (NMMU 2007).   
Each of the lecturers approached the scheduling and venues of their modules in a slightly different 
way. 
Lecturer 1 did not make any changes in venue, as both the lecture and practical sessions were already 
scheduled in the computer laboratories. An interactive lecture approach had been used in this 
module previously. She did, however, change how the two sessions were handled. 
The Web Page Design 2.2 module has two sessions per week, each of 1.25 hours (or 80 minutes). In 
the previous presentations of the module, the session on Monday was a lecture, held in the computer 
laboratory, thereby allowing for a greater degree of interactivity and participation than if it were held 
in a traditional lecture venue, without computers. On Thursdays, students would have a practical 
session, with the task to be completed and submitted in the same session of the following week. 
Lecturer 1 adapted this in the following way. 
Lecturer 1: “I still had a lecture session on a Monday. Prac tasks were handed out on Monday, to be 
completed by the start of the session on the coming Thursday. On a Thursday the 
student assistants would check the prac tasks. Usually this would be followed by group 
discussion on the topic.” 
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The main difference, in relation to scheduling and use of the venue, was therefore in requiring the 
students to work on the practical task immediately after the presentation of the theoretical concepts 
in the Monday lecture, in their own time and place, and bring their completed work to class on 
Thursday for discussion. The main disadvantage, as voiced by some of the students, was that they 
could not get help immediately while working, as was possible when the practical session was held in 
class time. This was countered by the advantage of being able to view and discuss results of the 
practical tasks, so providing constructive feedback, which could be discussed with the whole class, 
and allowing further exploration of concepts. 
Lecturer 2, teaching the third year User Interface Design 3.1 module, only had one 1 hour contact 
session per week. This was scheduled for the first lecture period of the day, on a Thursday. She 
decided to use a computer laboratory, and referred to the period as a “session” rather than 
specifically a lecture or practical, to allow for some flexibility in content and presentation. The nature 
of the session varied according to the type of concepts being covered. It was generally used to 
explore theoretical concepts, and discuss results of practical tasks, and only on two occasions was it 
necessary to cover the theory in a traditional lecture style. Students were required to complete 
practical assignments in their own time, and submit them in advance of the session, so that their 
submissions could be included in class discussions. PowerPoint slides were used in the discussions 
and for this reason, the computer laboratory, with a roof-mounted data projector was not ideal, as 
some of the students had difficulty seeing the slides. However, the advantage was that Lecturer 2 
could walk between the students during discussions and easily interact with them, finding that this 
environment allowed for there to be “no real ‘barrier’ between the students and lecturer.” 
One of the disadvantages, experienced by both Lecturer 1 and Lecturer 2 during sessions presenting 
theoretical concepts in the computer laboratories, was a tendency for some students to not 
participate in discussions and amuse themselves on their computers by accessing their email, using 
Facebook and so on. 
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Lecturer 3 continued with the usual schedule and use of venue by having a theory lecture on a 
Tuesday morning in a traditional lecture venue and a practical session in the computer laboratory on 
Tuesday afternoon. The main difference was in his approach during the theory lecture. 
Lecturer 3: “The WRMS301 theory lectures were expository. The lecturer (me) gave traditional 
lectures to a passive audience (the students). The WRMS302 theory lectures were given 
using a Platonic dialogue, by contrast. The students were warned at the end of a lecture 
that they should prepare themselves to answer questions about the content to be 
covered in the next lecture, during that lecture. I would start off by asking the students 
questions about the lecture content. Some of the questions were factual, but others 
focussed on evaluating, comparing, selecting and combining content (facts, concepts 
and methods). The aim was to explore the lecture content as a knowledge structure of 
ideas and values. I gave feedback and filled in the gaps as the class proceeded.  The 
dialogue was usually followed by a short expository lecture.” 
This dialogic lecture structure was successful to some extent. Attendance at lectures was typically 
poor; usually about 12 of the total class of 20 were present, many coming in late as this was the first 
lecture of the day. Those students who were in class were able to participate and answer questions. 
However, as many had not prepared in advance, the understanding and value of the discussions was 
deficient. 
Student comments on the scheduling and venue usage covered a wide range of viewpoints, from 
positive to negative, as demonstrated by the examples provided in Table 5.4. 
# Comment Source 
1 like theory and prac on different days Web Page Design 2.2 student 
2 labs better than lecture halls Web Page Design 2.2 student 
3 design of lab makes it easy to interact with others Web Page Design 2.2 student 
4 little room for interaction with lecturer Web Page Design 2.2 student 
5 would prefer pracs to be done in class so can get help Web Page Design 2.2 student 
6 too much work for allocated time Web Page Design 2.2 student 
7 exciting presentation, especially use of multimedia User Interface Design 3.1 student 
8 The lec is too early in the morning and when I do make it , it does 
not last that long..might as well have a combined lec n prac class 
in the afternoon! 
Multimedia Systems 3.2 student 
Table 5.4 Student Comments Regarding Scheduling and Venues 
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By the end of the semester, the lecturers had less concern about the issue of time and scheduling 
than at the beginning. It appeared that although there was still limited time for working in class, 
students were generally willing to work on their own between classes. Holding interactive sessions in 
the computer laboratory provided better opportunities for student-lecturer interactions than the 
traditional lecture venue, as the lecturer could move easily amongst students and students could sit 
together when required. 
An issue that remained unaddressed was how to hold effective critiques within the existing, short 
lecture periods. This is discussed more fully in the section relating to assessment (Section 5.4.4). 
5.4 Accommodating Content and Learning Objectives 
 
Figure 5.2 Gaps Relating to Accommodation of Content and Learning Objectives 
The second case study research question is: How easily can non-design computing educators adapt 
studio methods to accommodate content and learning objectives? 
The main considerations with regard to content and learning objectives that were identified as issues 
to be further explored in the case study relate to the handling of theory, the nature and structure of 
practical assignments, the sharing of ideas, assessment of design ideas and design critiques, and the 
opportunity for development of skills beyond the learning outcomes of a given module (Section 3.5, 
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Figure 5.2). Related subthemes emerged in the data analysis, and they will be discussed in the 
following subsections: handling theory (Section 5.4.1); assignments (Section 5.4.2); learning from 
others (Section 5.4.3); assessment (Section 5.4.4); and different levels of learning (Section 5.4.5). 
5.4.1 Handling Theory 
There was no particular approach to dealing with theory recommended in any of the modified studio 
methods studied (Section 3.5). 
Theory is generally presented separately to practical work in a typical studio course. This is not 
generally possible in typical computing subjects, where theoretical concepts form a large component 
of the content.  An approach that worked well for both Lecturer 1 and Lecturer 2 was that of using 
assignments to explore theory, with less of the traditional type of direct presentation of theoretical 
concepts in a formal lecture environment. 
Lecturer 2: “Theoretical concepts were ‘self-taught’, as it were. Students were given assignments 
that were based on the theory that will be covered in the next session — thus they had 
to work through the chapter themselves, complete the assignment by using the theory in 
the text book, and then the main issues were addressed in the session. The way these 
issues were addressed, varied. Depending on the concept, we would explore the theory 
through discussions, question and answer sessions, practical applications, etc.” 
Lecturer 1: “The project and other practical tasks tried to address the application of the theory.” 
As Lecturer 2 had only one contact session with her students per week, she gave them assignments 
that required them to work through one or more relevant chapters and then apply what they had 
read in completing the assignment. They would therefore come to class with some understanding 
and knowledge of the material. The session was then used to explore the theoretical concepts 
further, through class discussion or tasks. She came to the conclusion that the value of this approach 
lies in the fact that the students are more directly engaged with the concepts, leading to a better 
understanding, rather than passively listening to what the lecturer says about what is in the textbook. 
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Lecturer 2 describes how she tried to get students to explore beyond the textbook, which they often 
perceive as being the “absolute only truth”, although it might simply be the opinion of the author, 
and to develop their own opinions and ability to think critically. 
Lecturer 2: “I tried to use leading questions so that they could discover the answers through 
‘reasoning’.” 
This is comparable to what Lecturer 3 attempted with the dialogic lecture structure described above 
(Section 5.3). 
Discussions of both theoretical concepts and the results of assignments were more successful when 
the class was divided into small groups, than when a discussion was the attempted with the class as a 
whole. Small group discussions were effective in engaging the students and furthering their 
understanding of how theory could be applied in practical assignments. 
Lecturer 2: “Class discussion where the class is split into smaller groups (usually about 4 – 5 
students per group) worked very well. Students are given a specific question or set of 
questions to answer within their groups. In most cases these questions are based on the 
assignment they had to complete for the week.” 
Lecturer 1: “Students would usually have had tasks due for the start of the session.  For example: 
students had to do a number of storyboards.  I would then divide the students into 
groups, and get them to critically evaluate the storyboards of their peers. 
I felt that the atmosphere in class was quite good, students seemed to be prepared to 
talk to one another and give comments on other people’s work.” 
 In contrast, when lecturers tried to engage the whole class in a discussion, it was not so successful. 
Lecturer 1: “I would usually have some slides prepared, summarising some of the theory.  This 
would be followed by a discussion of web sites that did or did not apply the theory.  In 
these discussions I would try to get the class involved, but unfortunately only some 
students would participate in the discussion.” 
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Lecturer 2: ““General” class discussions did not work – and this is maybe because there is not 
enough “structure” to such a discussion. In general discussions you also find that it is 
always the same people that participate.” 
Overall, the approach that worked best to integrate theory using studio methods was to have 
students work through theory and try out the concepts in a practical assignment in advance of face-
to-face sessions, so that they had enough conceptual background to be able to take part in class 
discussions. 
5.4.2 Assignments 
Setting projects over a number of weeks, or even one project for the whole semester, that could be 
revisited at different levels and relating to different concepts is typical of studio teaching. The 
benefits of this type of project had not been sufficiently explored in the computing examples (Section 
3.5). 
This concept was not fully explored in the three case study modules. However, other useful 
information relating to assignments did emerge. 
In all three modules, some assignments were individual tasks and some were completed in pairs or 
small groups. In the Web Page Design 2.2 module, students worked in pairs on a semester long 
project, with occasional individual, unrelated assignments. The Multimedia Systems 3.2 students had 
four projects during the semester, two of which were video projects that were worked on over a 
number of weeks. The assignments in the User Interface Design 3.1 module were largely unrelated, 
although Lecturer 2 did attempt to include some assignments that built on previous tasks. 
Lecturer 2: “In some cases there was some relationship between the assignments, as one 
assignment might be the basis of the next, but this was rather limited.” 
The results of the group work varied from module to module.  
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For example, in the User Interface Design 3.1 module, when the different groups were allowed to 
select any product as the basis of their assignment, the variety in choice between the groups 
facilitated a discussion that enabled students to see that different people have different perspectives, 
and people’s experience is a factor in their interpretation. When students were grouped according to 
the content of an individual assignment that had been completed, the result was groups that the 
students would not normally have chosen. 
In the Multimedia Systems 3.2 module, students sat together in their groups during practical sessions, 
but they did not communicate with each other very much. When they were required to make group 
presentations to the whole class, they did not appear to take it very seriously, and the lecturer found 
it difficult to get students to participate in the discussions. 
An encouraging aspect of the small group strategy was that quieter students, who tended not to 
participate much, got more involved. 
Lecturer 2: “These discussions also forced the quieter student to participate, but to do so in a 
smaller group – this is probably less threatening. When feedback is given, everybody is 
expected to participate – we don’t use “spokespersons” for the smaller groups. I 
randomly ask people from the different groups to give the group’s feedback. Initially 
some students were shy, but that quickly changed – probably because there is support 
from the smaller group and in some cases also from the other groups if they agree with 
what is being said. If there were disagreements, students with differing opinions had to 
put their views forward, and then we argued it out. In some cases students differed from 
one another and this sometimes ended in very lively debates between the students 
themselves.” 
In both the Web Page Design 2.2 and User Interface Design 3.1 modules, the lecturers introduced 
exercises in which students were required to use coloured pens, pencils, paper and other creative 
materials to complete a task or explore a design-related concept. Some of the students were very 
uncomfortable with this break from what they were used to; others embraced it willingly. Both 
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lecturers believed it was worthwhile, although realised that having only one such session in an entire 
module was more likely to create discomfort than produce entirely positive results. Although they 
were not sure of how to achieve it, they believed it would be more beneficial if it was a more 
regularly used technique. 
Lecturer 1: “In the visual design lecture we had paper, kokis, crayons and pencil crayons in order to 
have students put together ideas – exploring creativity. Students are so used to having 
to work structured and have things done perfectly for marks that they were at first 
uncomfortable with this whole idea of just putting stuff on paper.  For some it became 
better with time, for some it probably stayed a weird experience.  I also think that it 
would have been good to repeat the exercise again.” 
Lecturer 2: “They were given A3 & A4 sized paper in different colours, masking tape, prestick, koki’s, 
coloured pencils, highlighters, white board markers, post-it notes, scissors. Those were 
the ‘tools’ to be used. They were allocated 45 minutes to complete their designs. They 
were not allowed to throw away anything — if they had rough drafts or anything they 
started on, it had to be collated in the end and handed in. 
Some designs were really interesting — you should see the pop-up menus, drop-down 
menus, transparent menu structures, etc. Initially many ( I would almost want to say the 
majority of the class) students were somewhat uncomfortable — but in the end I could 
not get them to leave! One of the pure BSc students (doing Computer Science and 
Physics as majors), told me that  he thought that all the ‘playing’ would be a waste of 
time, but he thoroughly enjoyed it.”  
Web Page Design 2.2 student:  
“nice change from usual classroom experience, computers, art equipment” 
In general, all the lecturers believed that small group assignments were beneficial, promoting 
interaction between students and leading to the sharing of ideas. More research is required to 
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explore the benefits of projects carried out over a number of weeks or assignments that build on 
earlier tasks and how this would impact learning outcomes and student participation. 
5.4.3 Learning from Others 
Studio teaching methods facilitate and require students to share ideas and learn from each other 
(Section 3.3.1). While this was specified as desirable by the educators presenting the example 
computing modules (Reimer et al. 2003; Greenberg 2009a), no clear recommendation was found for 
orienting computing students to this unfamiliar practice. 
A typical studio course creates an environment in which students are encouraged to share ideas and 
learn from each other, even incorporating each other’s ideas into their own work (Section 3.3.1). In a 
typical computing education environment, however, students are not encouraged to use each other’s 
work, and doing so can be viewed as plagiarism. When Lecturer 2 asked the technical staff to set up 
an electronic “project wall”, essentially a shared folder on the network where all students in the class 
could save their projects, and be able to view each other’s submissions, the reaction was one of 
consternation. 
Lecturer 2:  “When I explained to him that there should be one folder for each assignment and that 
the folder should preferably be shareable amongst the students, he simply could not 
understand why. His first reaction was that the students would copy one another’s work 
— he didn’t reply to my email, he actually phoned me to make sure it was what I 
actually requested. 
 Needless to say, it was rather difficult to convince him that it would be ok, since they 
would not be copying each other’s work, they would simply learn from one another.” 
However, the concept was also different for the students, as they were not used to being asked to 
share their work with one another.  
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Web Page Design 2.2 student: “not easy to learn from others” 
Web Page Design 2.2 student: “hard to share my ideas, though can learn from others” 
However, through the process of class discussions, and peer evaluation between different groups, 
they gradually became more used to it. This concept still requires further extension, especially with 
regard to the introduction of design critiques, where students offer critical evaluation of each other’s 
artefacts. 
5.4.4 Assessment 
A number of aspects of assessment were identified as requiring further consideration in regard to 
adapted studio methods (Section 3.5).  
The achievement of learning objectives in studio teaching is assessed via regular informal and formal 
critiques, pinups and portfolio presentations of actual design artefacts, providing formative as well as 
summative assessment. In contrast, typical computing education requires assessment by the writing 
of tests and exams. Computing educators perceive design artefacts as having a subjective nature, and 
have no clear guidelines for this type of assessment.  
All the lecturers attempted to utilise a form of informal or desk critique to offer constructive feedback 
on assignments. In the User Interface Design 3.1 and Web Page Design 2.2 modules, these were often 
conducted in a similar way to the small group discussions, and in these cases, it appears that the 
lecturers themselves were not clear about what delineated the two activities.  
Lecturer 2: “I used informal design crits about twice. At that stage I was not 100% prepared in 
terms of criteria to be used etc, thus it was informal and in groups – pretty much along 
the line of discussions within small groups (so as to minimise the fear of being ‘shot 
down’).” 
Lecturer 1: “I would say that we had informal design critiques, usually in the format of students 
showing their work to peers, who could then comment.” 
CHAPTER 5 
RESULTS AND ANALYSIS 
  Page 133 
In contrast, in the Multimedia Systems 3.2 module, informal critiques were conducted by the lecturer 
and student assistant, but did not elicit feedback from student peers, thereby limiting the opportunity 
of students sharing ideas and learning from each other. 
Lecturer 3: “... the student assistant and I went separately from group to group to check on 
progress, critique work being done (desk crits) and give advice, and this helped the 
students to complete their assignments. The students did not do much critiquing of 
other students’ work and sharing ideas.” 
In all three modules, the primary tool for assessment was one or two semester tests and a final exam, 
following traditional practice. Two of the modules, Web Page Design 2.2 and Multimedia Systems 3.2, 
included a portfolio as part of the final assessment. This was not changed specifically for the purposes 
of the case study, but had been standard practice in these modules since their inception. The use of a 
portfolio is examined in more detail in the discussion relating to the use of studio tools (Section 
5.5.2). The Web Page Design 2.2 tests and examination included a practical, hands-on component, as 
well as a written theory component, also following what had been done previously in the module. 
A class mark of 40% was required for admission to the final examination (standard departmental 
policy), and was made up of test marks and, where relevant, the portfolio mark. Marks were not 
given on weekly assignments or submissions in two of the modules, Web Page Design 2.2 and 
Multimedia Systems 3.2. The last four User Interface Design 3.1 assignments were marked and 
counted towards the attainment of admission to the examination. 
Although students did not receive marks, it does not seem to have affected their hand-in rate. In fact, 
in the User Interface Design 3.1 module, more assignments, of a high quality, were handed in than 
the lecturer expected from previous experience. 
Lecturer 2: “An interesting phenomenon occurred – students were informed up front that 
preparation and assignments would not be graded (i.e. no marks awarded to hand-ins), 
but that the preparation and assignments are vital to the understanding of the course, 
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as the process of interaction design is often more crucial than the end result. Hand-in 
rates were quite high.” 
Feedback was given on assignments in different ways, such as class discussion of the results of 
assignments, peer evaluation and lecturer feedback, but not actual marks. 
Lecturer 1:  “I did not grade any of their submissions.  I did try to give feedback on their submissions 
after the due date, but there were no marks.  At the end of the semester students will 
submit their portfolio which will then be marked according to a specified grid.” 
It is interesting to note that although most students did not actually ask the lecturers for marks for 
these assignments, all three lecturers indicated that they thought it would have been better to 
provide marks for all submissions. 
Lecturer 1: “Maybe the fact they never received marks as feedback.  [when asked what she thought 
the students did not like about the presentation of the module] They did not ask me for 
marks, though, because they knew from the start that I was not going to mark it.”  
Lecturer 3: “I have no hard data to support my statement that I think that marks are important to 
students (well not in the sense that surveys have been done to establish this and to what 
degree it is true). My experience of teaching suggests that students value academic 
activities that have marks associated with them and will put effort into them, and value 
non-marks bearing activities less and put less effort into them (particularly if they are 
under work and time pressure). Possibly some "types" of student would be less 
concerned about marks. Students are not always in a position to see artefacts or 
activities in the context of improving the "big picture". This is a perspective that views 
marks as a motivator.” 
In the second term of the semester, Lecturer 2 did give marks back on assignments. She graded the 
assignments that had already been submitted, and told students that all future assignments would be 
marked. 
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Lecturer 2: “Assignments 1 – 8 were graded (0 – 4, 0=poor; 4=excellent) and returned to the 
students at beginning of term 4. The purpose of the grading was to indicate to the 
students how marks will be allocated and what is expected of them. This is probably not 
the best way to go about it, but for this year it seemed to have worked.” 
Lecturer 2: “Even though the last 4 pracs were for marks, and students were specifically informed of 
this in more than one contact session, the hand-in rate was pretty much the same. Even 
though I also explained that those 4 pracs were the only ones that would contribute to a 
DP, some did not hand in. When asked, excuse was that there were many deadlines to 
meet etc. In some cases, non-handing in of pracs caused students to miss DP and thus 
not be able to write exams.” 
Some students experienced difficulty with preparing for and writing the semester tests for User 
Interface Design 3.1 and Multimedia Systems 3.2, as they were unclear of what to learn. In the case of 
User Interface Design 3.1, the lecturer knew that the test would be of a different nature from 
anything the students had experienced in other computing modules, as the questions were of a type 
that required critical thought and an ability to recognise and apply theoretical concepts to a real-
world scenario.  
Lecturer 2: “They had to be able to motivate their answers. They realised that they were required to 
provide a logical argument in order to convince me (and the rest of the class) that they 
knew what they were talking about. This was true for many types of questions, not 
simply Y/N or T/F. They had to be able to substantiate why they answered in a specific 
way. Some questions could be seen as “vague”, since many possible options could be 
right – but the “right” answer depended on the scenario, the stage at which a specific 
design is at, as well as all the assumptions made.” 
 She therefore gave students a class test to prepare them. 
Lecturer 2: “Students were given a class test the week before they were to write their official 
semester test. Since time was restricted, all received the full test (i.e. covering all work), 
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but each student were allocated a specific question to answer. Students handed in their 
answers, and then the class test paper was discussed – each question in turn, to indicate 
to the students what the requirements per question was.” 
In spite of this, some of the students complained that they were ill-prepared for the test. In contrast, 
other students were satisfied with the test preparation, and commented that the test reflected class 
discussions and assignments. 
Lecturer 2: “In test results it was clear that the students that were in class during discussions could 
remember what was discussed and how things were reasoned out.” 
Multimedia Systems 3.2 students complained of a lack of guidance and difficulty in deciding what to 
learn, as the lectures did not provide adequate focus on what portion of the content was important. 
Lecturer 3 comments on his modus operandi: 
“The resources were discussed in lectures. They were not printed out and distributed, due 
to copyright issues. Copies of tests from previous years were distributed, and 
contextualised. The work to be covered in tests and exams was described in lectures 
prior to the evaluation, but classes were generally (very) poorly attended. I did not 
contact those who were not present and informed those who came after the lecture to 
get test or exam hints that they should contact a student who was there, because I had 
spoken for half an hour in class about what the test would cover and was not going to 
repeat it.” 
Although all three lecturers considered it desirable to provide marks for class assignments in future 
iterations of the modules, there was no actual evidence to support the necessity of this. Future 
research could investigate the affect of marks, or no marks for assignments within an adapted studio 
method. 
None of the lecturers managed to achieve effective design critiques, and this requires further 
investigation, as it is considered one of the core methods of studio teaching (Section 3.3.1). 
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5.4.5 Different Levels of Learning 
One of the desirable outcomes of using studio teaching methods, as mentioned in Section 3.3.1.3, is 
that students develop critical communication and life skills, beyond the technical and theoretical 
concepts of the subject matter. Indeed, the main intended outcome of implementing studio methods 
and the teaching of creative design into a traditional computing education is the promotion of 
creativity and innovation, which goes beyond the mere content of design principles and practice. 
Although this is alluded to in some of the reports of the modified studio computing examples studied 
(Reimer et al. 2003; Greenberg 2009a), there was no explicit method for how to achieve such results 
or what outcomes could be expected. 
When asked, the majority of students in the three modules reported content-related material as the 
most important things they had learned. However, as shown in Table 5.5, a number clearly learned 
new skills and ways of thinking, and Lecturer 2 and Lecturer 1 recognised this in their students. 
Lecturer 2 made a very interesting comment about the nature of educators’ perceptions of their 
students. 
 “To a certain extent I have always thought that students (in general) are not willing to 
take responsibility for their actions (or non-actions), but maybe it was because of the 
way I treated them? If they are spoon-fed all the way, we essentially tell them that they 
are not capable of thinking for themselves. If we challenge them in ways they are not 
used to, they realise that they can actually think and reason for themselves. In class 
situations I also found that they are willing to take each other on if they don’t agree on 
something that was said. Trying to get students to always motivate their answers also 
makes them think – and if they get stuck, they can always ask someone in the class to 
help them – that way they argue a point until it is clear – sometimes it is necessary to 
intervene and steer them in the right direction, but meaningful arguments can teach us 
all a number of things!” 
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It would appear from the analysis that some of the students did, indeed, gain communication and life 
skills they would not have obtained if taught in the traditional method. Future research could 
contribute to the development of this idea. 
# Comment Source 
1 Unexpected benefits were the life skills the students learnt – this was 
really a bonus. Many students also realised that other people are 
entitled to their opinions, and those opinions could differ – one should 
understand that no two people are identical, and we should respect 
each other for that. 
Lecturer 2 
2 can apply content learned to other modules User Interface Design 3.1 student 
3 Some students actually came to me and mentioned that a chapter on 
communication made them actively think about communicating 
properly while they were talking to other people. When breakdowns in 
communication occurred, they tried to figure out why, based on the 
theory we covered in the module. 
Lecturer 2 
4 Another issue that came up was, when I ask questions in class, students 
are expected to motivate their answers - later on in the module this 
came naturally. I did not have to ask “Why?" - it became part of their 
original answers. 
Lecturer 2 
5 to work consistently, think critically, then apply concept Web Page Design 2.2 student 
6 value of putting ideas on paper first Web Page Design 2.2 student 
7 value of hard work Web Page Design 2.2 student 
8 to work with other people in synergy Web Page Design 2.2 student 
9 To me it seemed as if the students were willing to take responsibility 
for their work. 
Lecturer 2 
10 We work in groups, that teaches us team work Multimedia Systems 3.2 student 
11 shift in point of view, way of thinking User Interface Design 3.1 student 
Table 5.5 Different Levels of Learning 
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5.5 Understanding of Studio Teaching Methods 
 
Figure 5.3 Gaps Relating to Understanding of Studio Teaching Methods 
The third case study research question is: How well is the concept of studio teaching understood by 
non-design computing educators? 
One of the gaps in knowledge regarding the implementation of studio teaching methods by non-
design academics is that while design teachers tend to have an implicit understanding of how design 
is taught and practised, from their own experience, non-design academics do not have an experience 
of creativity, design thinking and practice (Section 3.5, Figure 5.3). It is therefore unclear how well 
they can understand and apply studio teaching methods, without having experienced it for 
themselves. 
The three lecturers in the case study reported on their understanding of a studio approach, its tools 
and methods, and how this understanding was derived. The information they provided included 
subthemes describing what they actually did, what they found difficult to implement, what was easy 
to do, and the factors they believed impacted their attempts either positively or negatively. This 
served to give some idea of the degree to which they understood the teaching method before 
implementing it, as well as what they learned about it in the process. The subthemes will be 
discussed in the following subsections: understanding of the studio teaching method in general 
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(Section 5.5.1), tools  that are used to develop design practice and process (Section 5.5.2), and other 
factors that were found to impact the academics ability to implement studio methods (Section 5.5.3). 
5.5.1 General Understanding 
The lecturers had varying degrees of creative design knowledge (Table 4.3), from almost none to very 
limited. At the start of the semester they read background material (preliminaryGuidelines.pdf, 
Appendix on CD) regarding studio teaching methods and various tools that could be used in 
implementing a design studio approach, namely a sketchbook, a digital scrapbook, a portfolio and an 
electronic “project wall” for posting of artefacts. Discussions were held with the researcher in 
preparation for the implementation of the case study. 
It must be noted that in the evolving process of the case study, the researcher realised that she had 
made certain erroneous assumptions about the lecturers’ understanding of studio methods, believing 
that her explanations were clearly understood and assimilated. Upon self-reflection, it became clear 
that, as her own undergraduate training was in a studio environment, she implicitly understood the 
concepts of studio teaching, in much the same way as do design educators. She considerably 
underestimated the degree of difference between the experience and knowledge of the three case 
study lecturers and her own. 
Lecturer 1: “I understood the studio approach to be a more open and active learning environment – 
focussing on the process more than the product. It matches the description, although 
understanding the approach goal in the start does not really tell one exactly how to pull 
it off properly.” 
Lecturer 2: “Initially, I was not sure what the studio approach was (although Leda did explain it – 
more than once!), and I assumed that through such an approach we would try and get 
students participate in lecture sessions. It seemed to me as if it would be almost 
impossible to try a studio approach – where students are expected to work longer 
stretches (e.g. 3 – 4 hours, as opposed to the “normal” lecture sessions of approx 70 
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minutes we tend to have) and where students are allocated a dedicated working area or 
space.” 
Lecturer 3: “What I understood by the studio approach at the start of semester 2 was an 
instructional approach in which students created artefacts relating to a particular 
module in a dedicated or semi-dedicated venue, or off-line to the venue. The artefacts 
would be exposed to the critical scrutiny of lecturers and fellow-students in the venue so 
that these others could learn from the artefacts and the processes of creating them and 
the artefacts could be iteratively improved by the students through attending to the 
criticism. It seemed to me that the studio approach would largely apply to practical 
work, rather than theory mastery.” 
What was interesting to observe as the semester unfolded was that Lecturer 2, who also said: “I 
probably did not understand the studio approach at all, simply because it is totally outside my frame 
of reference”, was the most successful in implementing it, whereas Lecturer 3, who started with a 
very clear, intellectual understanding of the concept, in his own words, “did not find the role of 
lecturer within a studio approach easy to do.” 
Upon further reflection Lecturer 3 said:   
“My understanding was quite superficial in two senses. I had not experienced the studio 
method as student or lecturer and thus had not formed a rich personal cognitive and 
affective understanding of the method. I had not performed a thematic analysis on the 
studio approach literature as you did, Leda, and lacked a deep understanding of its 
theoretical nature, its structure and its processes.” 
Lecturer 1 explained how teaching theoretical concepts in an interactive, practical way was more 
difficult than the traditional method, with which she was comfortable from years of habit: 
 “It was not always easy to find applicable web sites to use as examples to cover the 
required concepts.  It is much easier to just give the theory to the students.  Because of 
many years of just delivering information, it is not easy to try to involve the students in 
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the process.  Also, for the students, this would be a different way of doing things, which 
they had to get used to.” 
Lecturer 2 reported that the change “was not difficult at all”, although the preparation was very time 
consuming, more so than for traditional computing lectures.  
 “I found the session preparation challenging. To prepare for a session, I would typically 
work through the chapter in the text book and set up a set of slides purely on the theory. 
Then I literally had to “sleep on it”, and think about the contents, the context and 
where / how it can be applied. This could take a day or two. Only then would it be 
possible to come up with an assignment that allows exploration of the theory.” 
As well as this process of “sleeping on it”, she wrote an email to the researcher after every session, 
describing what transpired. This was, in fact, an unconscious engagement in the process of reflection-
in-action from the start of the presentation of the module, and this was likely instrumental in her 
positive experience. 
It would appear from the lecturers’ reports that even where the theory behind the approach is clearly 
understood, the implementation of studio methods without an actual experience of studio teaching, 
it is difficult. When elements of design practice are introduced into the teaching process, for example, 
reflection-in-action, there could be a greater likelihood of success. 
5.5.2 Tools 
One of the tools core to design thinking is the sketchbook (Section 2.9.2), yet it was not recognized as 
central to the design studio method in the adapted methods studied (Section 3.5). Only one of the 
courses studied, Greenberg’s course, made use of the sketchbook. Portfolios were also not widely 
used. 
While all the lecturers had read the background material provided by the researcher and were 
intending to use the various studio tools, they found it difficult to advocate the use of something that 
they had not experienced and did not value themselves. 
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Lecturer 2: “The problem here is probably sheer ignorance on my behalf – because I have not seen 
the value of such tools and technologies yet. Examples of such things are specifically the 
sketchbook or digital notebook. Academically and theoretically I understand that these 
tools are incredibly useful, but I have not used it before, and as such could not motivate 
my students to use it.” 
Even when the lecturer had introduced the concept of one of the tools, for example the sketchbook, 
because of her own lack of familiarity with its use, it did not form an effective part of the teaching 
methods. 
Lecturer 1: “I did tell the students to use it, and promoted it from time to time.  When the students 
were doing storyboards, they would do it in the sketchbooks. I do not really know if the 
students used it for the collection of other ideas and plans they have or came across.” 
Both the Web Page Design 2.2 and Multimedia Systems 3.2 modules required students to submit a 
portfolio as part of their final assessment. This was usual practice for these modules, as it had been 
part of the assessment process since each module’s inception. However, the evaluation of these 
portfolios is not usually done following the traditional studio method, that is, by “jury”. The portfolio 
evaluation in these modules has typically been carried out by the lecturer, alone, or sometimes with 
one other lecturer or senior assistant. It is difficult to get more people involved due to scheduling 
difficulties and the lack of studio culture within the department. The portfolio is assessed using an 
evaluation form or simple rubric, according to specific criteria. Students may, or may not, have been 
provided with a copy of this form prior to submission. Lecturer 1 did elect to have another person 
evaluating the portfolios. 
Lecturer 1: “I felt that it would be beneficial to the students if we had more than one viewpoint 
while assessing the sites.  Once again, because of the subjective nature of the work, it 
helps having more than one person looking at the sites.” 
The portfolio was not used in the assessment process of the User Interface Design 3.1 module. 
Lecturer 2 believed that a portfolio could only be used if the class assignments were integrated, 
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forming one project. She had not understood the concept of portfolio as a collection of design 
artefacts which could be unrelated. 
Lecturer 2: “I have not used a portfolio yet, as the assignments given to the students were not all 
integrated, or building on one another. Now that I have almost completed the module, I 
see that there are possibilities of using a portfolio with the right structuring of the 
assignments. Again, I see the lack of time and the fact that this was a totally new 
module to me as the main factors why I did not try the portfolio.” 
It appears that for academics to include studio tools such as the sketchbook and portfolio, it would be  
beneficial for them to use these tools themselves, so as to develop an understanding and 
appreciation for the role such tools play in design process and practice. 
5.5.3 Other Factors 
There were other factors that emerged from the thematic analysis as affecting implementation of the 
studio approach. Although these were not identified as gaps in the knowledge before the case study 
began, the lecturers’ limited understanding of the approach meant they did not plan for these factors 
or were unsure how to manage the issues that arose. 
The lecturers found that the main factors impacting the implementation of the studio approach 
negatively, apart from their own lack of understanding of and familiarity with the method, were 
student attitudes, poor planning and external factors such as other academic commitments. Lecturer 
3 summarises this: 
 “I learned that my attempt to introduce the studio approach into WRMS302 was largely 
a failure, due to poor planning, a lack of proper understanding of what to do as a 
lecturer to interact during studio approach-type practicals, my absence from a 
substantial portion of practicals due to courses, meetings and a conference, and 
problems with student attitudes towards practical work and commitment. The students 
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did the assignments and submitted portfolios, but not within the context of a proper 
studio approach.” 
Student comments, as shown in Table 5.6, appear to confirm this. 
One of the main cultural differences between the studio method and the traditional lecturing method 
relates to the amount of time students spend at university and having an open, equal relationship 
with staff members (Section 3.3.3). Design students are expected to spend most of their days working 
in the studio, with frequent, informal interaction with both their own lecturers, other staff members 
and senior students. This becomes ingrained practice (Hardman 2009). In comparison, students in 
most other departments, including computing, attend contact sessions such as lectures, tutorials and 
practicals, and then work on their own, in their own time, usually at home. It would be unfair to 
expect students to change their attitudes (cultural shift) in one module over the course of one 
semester. However, from what the lecturers report, it is clear that this shift must take place for the 
studio approach to be successful. 
Students were often late for class, especially the Multimedia Systems 3.2 lecture, which took place in 
the first lecture period on Tuesday mornings. Lecturer 2 also reported tardiness, although to a lesser 
degree, for her early morning User Interface Design 3.1 class. 
Lecturer 2: “Generally speaking, and retrospectively, I realise that I should have been stricter in 
terms of them being on time for the contact session – some of them came up to half an 
hour late, regularly. Having a lecture at 08:00 on a Thursday morning is probably not the 
best of times, but one can use this as a starting point to getting some “work ethic” 
instilled in them – be on time, regardless of how inconvenient it can be.” 
Although the majority of students indicated that they enjoyed the class participation and discussions, 
finding it more stimulating than traditional passive lecture presentations, there were those who were 
uncomfortable, and felt they needed clearer guidance in terms of focus, explanations and specific 
correlation to sections in the textbook (Table 5.6). 
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# Comment Source 
1 lecturer needs to get around to individuals more Web Page Design 2.2 student 
2 must force people to come to class Web Page Design 2.2 student 
3 don’t learn anything from lectures User Interface Design 3.1 student 
4 most students lose interest in this module very quickly and this results in 
lack of work and concentration in this module 
Multimedia Systems 3.2 student 
5 Maybe if we could do theory and pracs during our lecture. We can use 
lab 3 for the lecture and practise/research about the topics that were 
covered in class 
Multimedia Systems 3.2 student 
6 In the beginning of the semester the manner in which most of the 
practical work was done collaboratively provided me to better 
understand the concept of what’s being taught  
Multimedia Systems 3.2 student 
7 must focus more on explaining contents of book User Interface Design 3.1 student 
8 The lectures need to clearly indicate what we need to focus on. Often, 
our view points diverge and it is difficult to prepare for tests. 
Multimedia Systems 3.2 student 
Table 5.6 Student Comments regarding Other Factors 
In the User Interface Design 3.1 module, the percentage of submitted assignments on time, and of a 
high quality, was above Lecturer 2’s expectations. The Multimedia Systems 3.2 class, on the other 
hand, performed poorly, falling behind to such a degree that the production part of the second video 
project had to be cancelled. The reason for this has not been clearly shown, although 17 out of the 20 
(85%) students in the Multimedia Systems 3.2 class were also in the User Interface Design 3.1 class. 
The Web Page Design 2.2 module also had a good submission rate. 
Lecturer 1: “They were quite good about handing in, and they were on time – I would say at least 
90% handed in, and only occasionally there will late hand ins.  I did find some wanting to 
complete in the session – but that was more for the html work, and not the design 
stuff.” 
Hand-in rate and class attendance was also affected when students had commitments in other 
modules, such as project deadlines or tests. It is not unusual for this type of behaviour to occur in 
traditional computing modules. 
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Lecturer 3: “The students encountered difficulties in keeping up to date with assigned practical 
work. It was not uncommon for approximately 50% of the project groups to be two 
practicals behind where they were supposed to be. Students absented themselves or 
were distracted when deadlines or semester tests in other modules loomed. ... The 
second video project was a particular casualty of the students’ difficulties with keeping 
up to date; I was obliged to cancel the hand-in of the completed videos, as the students’ 
request. There was simply not enough time left for them to complete production and 
post-production. This is the first year in the module’s history that this has happened.” 
Lecturer 2: “Hand-in rates were quite high, except for the last hand-in before the end of term 3. It 
seems as if the many deadlines and semester tests simply caused students not to 
complete and hand in that specific assignment.” 
The need for Lecturer 3 to attend academic commitments external to this module had a negative 
impact on his implementation of the studio approach, which requires the lecturer to be even more 
available to his students than with the traditional method. This is a factor that must be taken into 
consideration when planning to implement a studio approach in a traditional environment, as 
academics, especially those at a senior level, often have commitments other than their teaching that 
cannot be disregarded. 
Lecturer 3: “In addition, I attended two in-house courses, an RTI meeting and an international 
conference, which fragmented the flow of five practicals out of twelve.” 
Implementing studio teaching methods requires a different level of planning to that of a traditional 
module, which is presented via passive lecturing of theoretical concepts, sometimes accompanied by 
practicals or tutorials in which students can practise application of such concepts. As the three 
lecturers discovered, it is not easy to devise interactions and assignments in which students can 
“discover” the theory, and be motivated to actively participate. Planning structured interactions 
cannot be done at the last minute, especially when either the methodology or the content are new to 
the lecturer. 
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Lecturer 1: “Because most lecturers in this department have been using traditional lectures, the 
biggest aspect for me, I think, is planning ahead.  These discussions and tasks do not just 
come naturally – not if they need to really cover the theory.  So it is a different way of 
thinking, getting students involved with applicable tasks.” 
Lecturer 3: “Plan carefully. Be very structured in respect of materials and activities design and 
production.” 
Lecturer 2 discovered that by setting relevant tasks for students to complete prior to the contact 
session, it was possible to incorporate the students’ responses to the tasks into the discussion, thus 
using the time very effectively as both exploration of the theoretical concepts and a method of 
providing constructive feedback. However, this required time and effort to achieve successfully. 
Lecturer 2: “Students were expected to work through a chapter (or chapters) before coming to the 
contact session. The assignments were set to form part of the session preparation. 
Assignments were due the day before the lecture. All material handed in as part of 
student preparation was incorporated into the lecture – with a link to the theory covered 
in the text book.” 
One would expect that with experience of implementing studio teaching methods the lecturers will 
become more aware of the impact that factors beyond their control will have on their modules, and 
so be better prepared to handle these type of issues. As students become more exposed to this type 
of teaching, their attitudes can be expected to change, and a “cultural shift” towards a more studio-
oriented approach could occur. However, lecturers need to understand for themselves the difference 
in culture, and how to facilitate a change. 
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5.6 Preparation for Teaching with Studio Methods 
 
Figure 5.4 Gaps Relating to Preparation for Teaching with Studio Methods 
The fourth case study research question is: How can non-design computing educators be prepared for 
teaching with modified studio teaching methods? 
Gaps were identified in Section 3.5 (Figure 5.4), one being that there is no indication of how to 
prepare an academic without existing creative design knowledge and experience, or who lacks 
familiarity with studio teaching methods, for teaching and assessing a studio-based module  
The example studio method computing courses that were reviewed were presented by facilitators 
who either had extensive design experience, or had studied how design is taught in traditional design 
disciplines such as architecture (Section 3.4.4). This study is intended to explore whether computing 
educators without design experience, or even a clear intellectual understanding of creative design 
practice, can successfully implement a modified studio course. It is therefore considered critical to 
develop a body of knowledge with regard to what they would require in terms of preparation. 
Subthemes that were found to provide useful insights into this question, and which will be discussed 
in following subsections, related to the background material that was provided (Section 5.6.1), the 
type of support throughout the process that was valuable (Section 5.6.2), how lecturers felt they 
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could learn more about unfamiliar tools and methods (Section 5.6.3), and personal qualities that 
were helpful (Section 5.6.4). 
The data that will be discussed here comes from the lecturers’ insights into what supported them in 
learning about the studio approach, gaps that need to be filled and observations made throughout 
the semester during which the case study was conducted. 
5.6.1 Background Material 
The three lecturers in the case study were given very broad guidelines as preparation for their 
implementations. This was for two reasons. Firstly, as discussed in Section 5.5, the researcher made 
erroneous assumptions about the degree to which the background information and discussions had 
helped in the understanding of the studio approach and the design process by her colleagues. 
Secondly, there were no clear guidelines for teaching in this way available to the researcher, and the 
development of such a guide is the main intended outcome of this study. 
What became very clear is that, just as design itself is best learnt by doing, so the process of teaching 
using a design studio approach is best learnt by experiencing it.  
Lecturer 2: “I read through all the stuff you gave us - and although I did not specifically decide to 
use specific things, it seems as if some of the things just came "naturally" whilst in 
class.” 
Lecturer 3: “I did not use everything, but it is a valuable and useful resource that I will use more 
intensively the second time round.”  
Lecturer 1, when asked what would have helped her preparation, responded: 
 “I am not sure – I think experience is the thing that helps.” 
The background material can therefore be seen to be helpful in providing a theoretical foundation, 
but the actual experience and process of engagement was of the most value. Of course, lecturers can 
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only gain experience by using the method, so one aspect that needs to be explored further is how to 
give lecturers some experience of studio teaching before they begin using it in their teaching. 
5.6.2 Support 
An important factor in the learning process was the support, or community of practice, provided by 
weekly meetings between the lecturers involved in the study and the researcher.  
Lecturer 2: “...the feedback received ... during our weekly sessions guided me through an interesting 
semester.” 
Lecturer 1: “It matches the description, although understanding the approach goal in the start does 
not really tell one exactly how to pull it off properly.  I think going through the steps 
(gaining the experience) and talking to others, helps the understanding.” 
Lecturer 3: “A weekly discussion group of people using the studio approach, as used during the 
second semester, would be a great help.” 
Lecturer 1: “I did find that talking to other people using the same methodology gets one thinking 
and aware of other ways to do things.” 
The support provided by colleagues facilitated a synergistic environment in which to share ideas, 
discuss what was and was not working, reflect-in-action and so develop a better understanding of the 
approach. 
This is easy enough to do when more than one lecturer is involved in teaching using a studio method. 
However, even if an academic is attempting to introduce this method alone, it could be possible to 
develop a community of practice amongst other like-minded teachers in other departments, or even 
other institutions. 
5.6.3 Unfamiliar Tools and Methods 
As discussed in Section 5.5.2, the lecturers found it difficult to use tools and methods with which they 
were not themselves familiar. They felt that the best way for them to be able to introduce tools such 
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as the sketchbook and digital scrapbook, would be to use the tool themselves, and so experience its 
value.  
Lecturer 2: “The main reasons why I did not use it, is probably because I am not comfortable with it 
myself. This semester was quite hectic with new modules etc., so maybe if I have more 
time I might try it out. On the other hand, since it is something that is totally outside my 
frame of reference, one way of getting me to do it, is to “force” me to use it myself 
before trying it in the class.” 
However, as lecturers are not often in the situation of actually designing artefacts of the same nature 
as their students, concern was raised about how these tools could be effectively introduced. During 
focus group meetings, it became clear that what is important to understand as a starting point, in 
terms of creativity and design thinking, is generic design process and practice. Once this becomes 
clearly understood and practised, each lecturer would be able to develop their understanding in 
relation to the specific content they are teaching. It was felt that the design of the teaching of a 
module could provide a very relevant and accessible design activity by which to learn the “tools of the 
trade”. This idea will be explored in more detail in Chapter 6. 
Terminology was another factor that could be an obstacle. Lecturer 2 and Lecturer 1 both expressed 
hesitation about using a sketchbook, as they did not believe themselves to be good at drawing. They 
felt that their students had a similar reaction, as the term tends to be associated with visual artists. A 
number of alternative terms were proposed by the group. The graphic design lecturers that had been 
interviewed by the researcher use the term visual journal, but this was still closely associated with 
drawing, and ignored the multimedia and time dimensions of interactive software. After much 
discussion, the term design journal was thought to be appropriate. It seemed to capture the idea of 
design and process, without focusing or limiting activities to drawing, making it easier to include 
writing and other forms of rendering, as discussed in Section 2.9.2. 
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5.6.4 Qualities of the Lecturer 
The lecturers mentioned some of the personal characteristics they believed had helped them during 
the semester. While it is not possible to change one’s personality, it is probably useful to have an 
understanding of what attitudes can be helpful in an endeavour such as this. 
Lecturer 2: “Don’t be scared to try new things – I’ve found that I could try things that was different, 
outside my frame of reference, and definitely outside my comfort zone – some of it 
worked excellently, other were not as successful.” 
Lecturer 2:  “From what I have experienced, I think it is important to always be honest with your 
students – and tell them why things are done in certain ways.” 
Lecturer 2: “I kept reminding myself that it is ok to experiment - some things will work and some 
won't - and in this way I can grow.” 
Lecturer 3: “I would start off by being more optimistic.” 
Lecturer 1: “Then of course, one should make the shift in your head to encourage the sharing of 
ideas.” 
In the same way, without assuming that it must be a certain way, it might be useful to know what the 
students appreciated about the lecturers, and what they would have preferred to be done differently. 
While this is not necessarily what must be done to make the studio approach work, it can shed some 
light on how to orient students to a new approach. And of course, this has everything to do with 
personalities — as can be seen from the sample of comments in Table 5.7, what works for one 
student in a class, is not necessarily the right approach for another.  
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# Comment Source 
1 be more approachable and friendly Web Page Design 2.2 student 
2 makes me feel that it is okay to share my ideas and that I will not be 
judged 
Web Page Design 2.2 student 
3 Lecturer makes it very fun Multimedia Systems 3.2 student 
4 He talks about a whole lot of things ...and it gets quite boring Multimedia Systems 3.2 student 
5 Lecturer makes a lot of real world examples which makes the 
understanding easier 
Multimedia Systems 3.2 student 
6 willingness to help Web Page Design 2.2 student 
7 The lecturer’s ability to give extensions and to remain calm and 
collected. Always feels like he is on the students side. ;) 
Multimedia Systems 3.2 students 
8 lecturer encourages everyone to participate, does not play a dictative 
role in class 
User Interface Design 3.1 student 
9 lecturer's enthusiasm, passion User Interface Design 3.1 student 
10 makes it fun User Interface Design 3.1 student 
Table 5.7 Student comments regarding Lecturer’s Characteristics 
Lecturer 3 provides a useful summary of what is helpful to know and do as preparation: 
 “Understand the theoretical nature, structure and processes of the studio approach 
properly. Plan carefully. Be very structured in respect of materials and activities design 
and production. Be prepared to intervene and organise the class to a high degree, 
particularly in the beginning when the students are learning and getting used to the new 
approach. Be prepared to be exhausted after lectures and practicals in the beginning. Be 
strict in enforcing the production of artefacts and participation, using marks as a carrot 
and a stick, since students understand and crave marks.” 
From the analysis, one can conclude that while knowing the conceptual framework behind the studio 
teaching method is useful, it is not sufficient to enable an academic to easily, or successfully, 
implement a studio module. It is necessary to have the experience oneself to better understand it. As 
design process and practice is learnt by doing (Section 3.3.1), so it would appear that the teaching of  
design can also be learnt by doing it. 
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5.7 Learning Creative Design 
 
Figure 5.5 Gaps Relating to Learning Creative Design 
The fifth case study question is: How can non-design computing educators learn creative design and 
design thinking for themselves? 
One of the key obstacles identified in Section 3.5 for computing academics to teach creativity and 
design thinking was their own lack of knowledge and experience of it (Figure 5.5). This has been 
borne out by the reports of the lecturers in the case studies, and relates closely to the discussion in 
Section 5.6. 
Lecturer 1: “I enjoyed it, but did feel uncertain about how to apply it well, and how to use the tools.  
I would like to do it again, because the experience has shown me what I would like to do 
different.” 
All three lecturers concluded that the best way to learn about creative design for themselves would 
be to have some experience of the design tools and process. 
Lecturer 1: “I think it is important to try to use the design journal — some way of storing creative 
ideas. It would be helpful to learn how to think differently, because then you experience 
what you want to instil in the students. By doing it yourself, you would be able to 
encourage the plan so much more.” 
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Lecturer 2: “The difficult part was trying to use / implement tools and technologies I am not familiar 
with. I cannot expect my students to use tools and technologies I either don’t 
understand or cannot (yet) see how it can be usefully applied. The problem here is 
probably sheer ignorance on my behalf – because I have not seen the value of such tools 
and technologies yet. Examples of such things are specifically the sketchbook or digital 
notebook. Academically and theoretically I understand that these tools are incredibly 
useful, but I have not used it before, and as such could not motivate my students to use 
it. I have mentioned it in class (and noted that such tools are very valuable), but because 
I have not used it before, my “selling skills” were not enough. It’s probably a matter of 
“practice what you preach” – if I don’t use it, I cannot expect my students to do so.” 
Lecturer 3: “Run a one-week orientation/induction course for non-design computing educators 
(novices), in which they fill the roles of both lecturers and students. This would not be a 
full week course--the group would meet for an hour a day and would do activities offline 
to the meetings. They get given a guide, documents and templates to help them 
repurpose their modules. They repurpose their module guides, a sample of pracs and 
their plans for implementing a studio approach as artefacts, using the training  guide, 
documents and templates. These evolving module guides, pracs and plans get desk crits, 
pinups and juries, the educators do reflection-in-action, writing, sketching, use a journal, 
etc. to model design studio activities.” 
5.8 What Has Been Learned 
It was suggested by Lecturer 3 that “it would be useful to document generic lessons learned, for 
sharing, reflection and use by the studio approach group”. This has been done in this section for a 
dual purpose. Firstly, for use as a resource in future research and teaching, as suggested. Secondly, to 
consolidate lessons learned from the experience of the case study lecturers to provide valuable input 
into the recommendation that will be made in the following chapter. 
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An interesting outcome is that much of what one lecturer proposes as a way to do something the 
next time around, is what another lecturer implemented successfully this time, although this was not 
directly discussed in the focus group meetings. 
The learnings are discussed in the following subsections: planning (Section 5.8.1), planning specifically 
to encourage interaction (Section 5.8.2), implementation of design critiques (Section 5.8.3), and 
whether or not marks should be provided for assignments (Section 5.8.4). 
5.8.1 Planning 
It became clear as the case study progressed that the studio approach required a different level and 
quality of planning, preparation and engagement to that of the traditional methods to which the 
lecturers were accustomed. They were not adequately prepared for this, and acknowledge that they 
will approach their modules with a different attitude next time. 
Lecturer 2: “Preparation for the course was very time consuming — not necessarily difficult, but 
very time consuming.” 
Lecturer 3: “Be prepared to intervene and organise the class to a high degree, particularly in the 
beginning when the students are learning and getting used to the new approach. Be 
prepared to be exhausted after lectures and practicals in the beginning.” 
Lecturer 1: “This methodology takes a lot of preparation work, and I think I did not do nearly 
enough to keep the students productively working on the content.” 
Although it was clear that the preparation was more time consuming, lecturers were willing to do 
this, as they could see the value the method provided. 
Lecturer 2: “It is great – I really enjoy every moment of it. At no point in time did I feel that it was 
too much (although the workload was definitely more). I would not have missed this 
opportunity for anything!” 
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It is much easier to quickly put together a passive presentation of theoretical concepts than to design 
useful, positive interactions and assignments by which students can explore theory themselves. All 
the lecturers agreed that they would endeavour to plan more, better and as much in advance as 
possible. 
Lecturer 1: “I think the module needs to be re-planned – exactly what goes into first and second 
semester.  Then plan every week way ahead of time, carefully selecting appropriate 
tasks for the sessions.” 
Lecturer 2: “Another issue that was a bit of a challenge (not difficult, but challenging) was to ensure 
that I was about 2 weeks ahead of the students (seeing that I have not presented this 
course before). This meant that preparation of the assignments was literally done on a 
weekly basis. Unfortunately, this meant that most of the assignments (except the last 
four), were “stand-alone” assignments. Mid-term we had an assignment that used a 
previous assignment as basis, but it did not necessarily build on to the existing 
assignment.” 
Lecturer 3: “In respect of the practicals, I would distribute practical assignments a week in advance 
of practicals. The students would be required to  do the assignments as individuals and 
groups, as required by the practicals, and to bring the prototypical artefacts produced to 
the practicals . A presentation group selection schedule would be planned beforehand to 
ensure that all groups had the same number of presentations over the duration of the 
module.” 
Academics wanting to implement studio teaching need to be aware in advance that it will require 
planning in more detail, and more in advance of what they might have done using traditional 
methods. Future research could be done to determine how the level of planning changes once a 
studio module is being presented for the second or third time. 
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5.8.2 Planning for Interaction 
It was identified in Section 3.5 that a studio course required collaboration between students and 
lecturer as well as the sharing of ideas amongst each other. The lecturers in the case study found that 
it would take careful planning to ensure that this took place. 
Changes would also be made in terms of the structuring of activities and assignments, as well as the 
nature of the interactions. Lecturer 2 found that an effective approach, especially as there was only  
one contact session per week with her students, was to incorporate student submissions into her 
class discussions (as discussed in Section 5.4.1). This ensured both that students were prepared to 
participate actively and contribute towards a productive discussion, and that they received 
constructive criticism of their designs, both from herself and from peers, via the class discussion. Both 
Lecturer 1 and Lecturer 3 proposed using a similar method. 
Lecturer 1: “I would, from the start, let the students find me examples of websites (or maybe even 
other stuff).  Meaning that I would in some way change the order in which I did stuff.  
For example:  tell students on Thursday that we would be covering say Graphics on 
Monday, and that they had to find me a website that did that good/bad.  Then on 
Monday we could discuss their examples, as well as mine – covering the theory as we 
talk about the aspects on the sites.” 
Lecturer 3:  “In respect of the practicals, I would distribute practical assignments a week in advance 
of practicals. The students would be required to do the assignments as individuals and 
groups, as required by the practicals, and to bring the prototypical artefacts produced to 
the practicals .” 
Lecturer 1 and Lecturer 2 both found that dividing the class into small groups for discussions about 
theoretical concepts, as well as to give feedback on practical assignments, worked well. Lecturer 3 
had a less successful experience of this during his practical sessions, but proposes using the small 
group approach to explore theory in the future. 
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Lecturer 3: “I would make use of the practical groups during lectures and practicals. In respect of 
the lectures, I would require groups to prepare lecture notes as groups, by note-taking 
involving reflection on and elaboration of the learning resources, in advance of lectures.  
Two or three groups would be selected during each lecture to give five-minute group 
presentations on portions on the content, within a dialogic lecture structure. These 
presentations would be critiqued by the other groups and the lecturer.” 
There were also a number of ideas about restructuring and changing the order of the activities and 
content. One advantage would be to design activities in such a way that the different activities built 
on each other, so developing the concept of process and allowing students to learn for themselves 
how the different concepts are related. This is achieved in the Web Page Design 2.2 module where 
the majority of the weekly assignments contribute to the development of a semester-long project: 
the creation of a web site for an actual client. 
Lecturer 2:  “Based on the content of the course, a reordering of the content presentation might be a 
good idea, so that the assignments can be structured in such a way that assignments 
could actually build on each other. This essentially means that a topic such as 
prototyping would be introduced earlier, and then many of the assignments can cover 
aspects of prototyping, within the context of the other theory covered.” 
Another reason for restructuring activities would be to design them so that students would have to 
work through the theoretical concepts, or they would be unable to complete the tasks. This would 
encourage them to actually go through the reference material. This was successfully achieved in the 
User Interface Design 3.1 module. 
Lecturer 1: “I think that I could have done it better by maybe restructuring the activities more – in 
order to ensure that students spent time with the references come to grips with the 
theory. There should also be more practical work to discuss and share.”  
Academics need to structure assignments and theory in such a way that students come to class with 
adequate preparation to be able to participate fully, if useful interaction is to occur. Dividing the class 
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into small groups appears to be a good approach that will facilitate interaction within the traditional 
computing environment, rather than trying to force interaction between individuals within the whole 
class. 
5.8.3 Design Critiques 
Design critiques, which are integral to the design studio teaching method, were identified as not 
being as central to the learning process in the modified computing examples studied (Section 3.5). 
The analysis of the case study results were similar, finding that design critiques were not effectively 
implemented. 
The lecturers did not report much about the topic of design critique, and it is thought that there is 
still much work to be done to highlight the importance of this aspect and show its value in developing 
critical and design thinking.  
Although both Lecturer 1 and Lecturer 2 did provide a mechanism for constructive criticism in their 
contact sessions — Lecturer 1 by having group discussions of work done instead of a practical session 
in which students had the time to complete the work; Lecturer 2 by incorporating student 
submissions into her discussion of the theory — this was done in a very informal way, without 
providing clear criteria in advance against which an artefact would be measured. Lecturer 3 has 
recognised that there is an opportunity for using critiques more effectively as part of the education 
process. 
Lecturer 3: “In respect of the practicals, I would distribute practical assignments a week in advance 
of practicals. The students would be required to  do the assignments as individuals and 
groups, as required by the practicals, and to bring the prototypical artefacts produced to 
the practicals .  Two or three groups would be selected during each practical to give five-
minute group presentations on the artefacts. These presentations would be critiqued by 
the other groups and the lecturer, and evaluated using a short evaluation form, for 
marks. A presentation group selection schedule would be planned beforehand to ensure 
that all groups had the same number of presentations over the duration of the module. 
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The students, working as individuals or groups, improved their artefacts until they could 
be submitted, or had reached some progress milestone. The lecturer and students would 
move about during the practical, critiquing the artefacts of others and learning from 
each other .” 
One of the factors that the modified studio method computing courses studied as example had 
highlighted as a reason for ineffective design critiques was the lack of time for a critical discussion to 
develop within the timeframe of traditional computing lectures. This is a topic that will need to be 
explored in future research. 
5.8.4 Marks 
The discussion about gaps in knowledge in Section 3.5 identifies that there is no proven method for 
grading digital design artefacts, within a studio method. As mentioned in Section 5.4.4, although it 
was not done in the case study, all three lecturers believed that it would have been better to provide 
marks for all submissions. 
However, the majority of students did not actually request marks, as they had been told they would 
not be receiving any. In spite of this, they submitted work, generally in time and of a good quality, in 
both the User Interface Design 3.1 and Web Page Design 2.2 modules.  
Lecturer 2: “My gut-feel is that students simply adjusted to the "different" way of doing things - 
maybe because they were involved / informed right from the start? This is speculation 
on my part....” 
Lecturer 3: “Of course, maybe the studio approach will work perfectly well without marks.” 
It is a matter for further investigation as to whether it is really necessary to mark all submissions, or 
whether the idea that it is necessary can be attributed to the lecturers’ as much as the students’ 
conditioning. 
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It is encouraging that all three lecturers believe they have a better understanding of the studio 
approach after their attempts at implementing it, have learned from each other, and are eager to 
continue using this method, both in the modules taught and others they will be teaching next year. 
Lecturer 1: “I enjoyed it, but did feel uncertain about how to apply it well, and how to use the tools.  
I would like to do it again, because the experience has shown me what I would like to do 
different.  ” 
Lecturer 2: “Those things are eye openers. And it shows that we are not reinventing the wheel — 
others have tried it and it worked — now we must simply follow! And why don’t we be 
daring and try OTHER things, so other people can learn from us...” 
Lecturer 3: “I feel confident that careful planning to engineer situations where desk crits and pinups 
of artefacts take place using simple and easy to use tools, the encouragement of peer-
peer helping, encouraging students to write and reflect (reflection-in-action), being strict 
about deadlines, etc. and especially that I the lecturer would practise design studio 
habits, including on-going reflection-in-action, and consistent and sustained 
implementation of the planning from the very beginning (i.e. the start of WRMS301), 
will substantially increase the chance of success the second time around.” 
5.9 Module Results 
The effectiveness of the studio teaching methods applied was not measured, nor was there 
quantitative assessment of students’ development of creativity and design thinking skills. However, 
qualitative feedback from both students and lecturers indicated that they were enthusiastic about 
the approach, and would like it to be continued (Table 5.8).  
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# Comment Source 
1 They should use it in future. Multimedia Systems 3.2 student 
2 It is well presented and it is a good way to teach creative subjects 
because students get constructive criticism. 
Multimedia Systems 3.2 student 
3 excellent, dynamic, exciting, fun User Interface Design 3.1 student 
4 We work in groups, that teaches us team work Multimedia Systems 3.2 student 
5 think about design process not just outcome User Interface Design 3.1 student 
6 (when asked what was learnt) shift in point of view, way of thinking User Interface Design 3.1 student 
7 It has enabled me to exercise my ability to be creative and apply design 
principles in a way that I understand and intend to view the outcome of. 
Creativity is also learned from different sources provided and examples 
during lecturers. 
Web Page Design 2.2 student 
8 to work with other people in synergy Web Page Design 2.2 student 
9 But it has opened my eyes to a different way of doing things, and I like 
that. 
Lecturer 1  
10 Unexpected benefits were the life skills the students learnt – this was 
really a bonus. Many students also realised that other people are 
entitled to their opinions, and those opinions could differ – one should 
understand that no two people are identical, and we should respect 
each other for that. 
Lecturer 2  
Table 5.8 General Comments about Studio Teaching Approach 
Results of the three modules were compared with the results of the same modules taught using 
traditional methods, in previous years (Table 5.9). This year was the first time User Interface Design 
3.1 was offered, so it was compared with the results of the discontinued Honours level HCI module, 
which had covered similar content.  
Module Year Class Average 
Web Page Design 2.2 
 
2009 
2008 
2007 
64.6 
67.8 
64.3 
Multimedia Systems 3.2 2009 
2008 
2007 
60.5 
61.1 
59.4 
User Interface Design 3.1 2009 57.5 
Human-Computer Interaction 4.1 (honours level, content 
similar to User Interface Design 3.1) 
2008 
2007 
66.1 
60 
Table 5.9 Class Averages for 2007 – 2009 
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The comparison showed that modules taught using studio teaching methods had results that were at 
least as good as previous classes using traditional computing education methods. The User Interface 
Design 3.1 average is slightly lower than that of the HCI module. However, this is to be expected, as 
the entrance requirement for Honours students is a class average of at least 65%, in comparison to a 
third year class make up of general students in the User Interface Design 3.1 module. 
5.10 Conclusions 
Significant gaps in the knowledge presented in Figure 3.11 of the model of modified studio teaching 
methods were filled in by the results of the case study, and will be used to propose a studio teaching 
method for non-design computing academics. There are gaps remaining, that will be the domain of 
future research. 
Some of the main ideas to be noted are summarised below. 
The lecturers managed to work around the short periods of contact time and the non-dedicated 
computer laboratories as venues by setting assignments for students to explore between class times 
(Section 5.3). Face-to-face time was then used as interactive sessions to continue exploring concepts 
that had been worked on in the assignments. This also proved to be an effective method of 
integrating theory and practical assignments, while avoiding the majority of the traditional, 
expository theory-based lectures. 
The large classes that are typical of traditional computing education are not conducive to the more 
personal interactions of the studio environment (Section 5.4). The proposed teaching model 
advocates dividing the class into small groups to create more opportunity for interaction. Groups can 
work on assignments together, or come together in class for discussion and assessment purposes. 
This helps promote the studio concept of sharing ideas and learning from each other, although this 
takes time for computing students to develop. 
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The practice of sharing ideas and learning from others is fundamental to the attitudinal shift towards 
studio teaching methods (Section 5.4.3). However, to be successful it will require careful planning and 
encouragement. 
Feedback on assignments can be incorporated into class discussions and provide examples in the 
further exploration of theory (Section 5.4.2). This means that if assignments are not marked, students 
will still receive valuable feedback. It is also likely to provide an incentive for students to attend and 
participate in class.  
All the lecturers reported that they thought it would be beneficial to provide marks for all 
assignments submitted (Section 5.8.4). However, the results were not conclusive as to whether or not 
this is appropriate, and will need to be the domain of future research. 
Students are likely to require specific preparation for tests and examinations that require critical 
thinking and application of theoretical concepts to real life examples, rather than the more traditional 
questions that simply require textbook learning (Section 5.4.4). However, students who have 
participated in class will be able to apply the methods used as a model for answering the test and 
examination questions. 
Lecturers believe that in order to gain a proper understanding of the studio approach and the tools 
and methods it uses, it is important to experience it personally, rather than to only have  a theoretical 
knowledge of it from reading or being told about it (Section 5.6). They found it difficult to encourage 
students to use tools, for example the sketchbook, with which they themselves were not familiar. 
Careful planning and more preparation time than lecturers were used to is seen to be required for a 
successful implementation of a studio module (Section 5.8). With familiarity, this time might be 
reduced. However, that will only be determined by further research. 
Lecturer 2 intuitively incorporated the concept of reflective practice into her process, and it was 
practised informally through discussion during the weekly focus groups (Section 5.6.2). However, it 
was only highlighted towards the end of the case study process by the researcher asking the lecturers 
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to write self-reflections. This could easily be incorporated into the teaching process, via the use of 
design journals and regular written reflections and reports. 
The feedback from students participating in the three modules was generally of a positive nature, 
indicating that the studio approach was both well-received and effective in engaging the students 
interest in the module contents (Section 5.9). 
Other areas that require further exploration are the incorporation of effective design critiques, within 
the environment and limited timeframes of the computing environment (Section 5.8.3 ), as well as 
better adaption or computer laboratories to provide space for group work and design work using 
materials other than computers (Section 5.3). 
The case study did not explore the appropriateness or relevance of studio teaching for computing 
modules that do not have a design component. As the aim of using this approach is to develop 
creativity and design thinking in all computing students, it could be applicable, and will be examined 
in future research. 
The results of the case study, along with concepts identified from the earlier literature review 
(chapters 2 and 3) will be used to propose a model in the next chapter for non-design computer 
academics to use when implementing studio teaching methods into their existing programmes.  
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C h a p t e r  6   
R E C O M M E N D A T I O N S  
How can non-design computing academics implement adapted design studio teaching methods in 
their own programmes? 
6.1 Introduction 
Chapter 5 documented the lessons learned from an analysis of the case study that was conducted to 
explore whether non-design computing academics would be able to teach using modified studio 
methods if provided with explicit methods to follow. 
The nature of the case study results suggested that it would indeed be possible, and gave some 
indication of relevant methods to include in a teaching method model for using studio teaching 
methods within a computing environment. The purpose of this chapter is to recommend a model 
based on these lessons and on principles identified by the earlier literature study. This model could 
then be tested and refined in future research. 
The learning system model that was devised in Chapter 3 (Section 3.3) will be used to propose a 
studio teaching method for the use of computing academics. Table 6.1 provides a summary of the 
proposed model. Each element of the model will be discussed in the following sections: surface 
structure (Section 6.2.1), pedagogical activities (Section 6.2.3), epistemology (Section 6.2.5), profile of 
the facilitator (Section 6.2.7), and profile of the students (Section 6.2.9). Each section has a 
corresponding discussion of the gaps still to be filled for each section (Section 6.2.2, Section 6.2.4, 
Section 6.2.6, Section 6.2.8 and Section 6.2.10). 
6.2 A Computing Studio Teaching Method 
The proposed studio teaching method has been termed by the author a computing studio teaching 
method. This term is intended to convey that the teaching method recommended is based in a 
traditional design studio teaching method, and has been adapted for computing education. The aim is 
CHAPTER 6 
RECOMMENDATIONS 
  Page 169 
to provide a synthesis of methods that will promote design thinking, yet can be used in any 
computing module, whether it  has a specific design component or is mostly theoretical. 
The computing studio teaching method is presented as a guide (summarised in Table 6.1) that can be 
followed by non-design computing academics who wish to use modified studio methods in their 
teaching. The aim of using this method is to promote higher level creativity and design thinking skills 
in students, as well as to facilitate the usual learning objectives of the modules or programmes. 
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Time Need to plan effectively in advance to use time effectively. 
Students complete tasks and assignments relevant to concepts 
prior  to contact sessions. 
Use assignment/presentation schedule to ensure all students 
or groups have the same opportunities. 
Be strict about attending class on time. 
Space Use computer lab for all sessions to facilitate interaction. 
Have a facility whereby everyone can view same data, eg overhead data projector or 
electronic “project wall”. 
Student-Lecturer 
Ratio 
Set group tasks and assignments to facilitate interaction and communication. 
Materials Provide students with specific instructions for using tools such as design journal, 
scrapbook and prototyping. 
Include design journal and scrapbook in assessment to encourage effective use and 
shift focus to process. 
p
ed
ag
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al
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ct
iv
it
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Nature of 
Interactions 
Plan activities specifically for interaction in a structured way. 
Students must be aware of necessity for engagement from the start, and feel a 
negative impact if they do not participate as required. (Or have such a strongly 
positive result from participating it encourages them.) 
Find “playful” ways to engage all students. 
Plan content to teach around the experiential learning cycle. 
Activities must encourage sharing of ideas and learning from each other. 
Provide criteria to be used for constructive criticism. 
Content Use a flexible approach to content and structure of sessions. 
Use assignments to explore theory in advance of contact session. 
Use leading questions and a dialogic lecture structure to enhance engagement when 
traditional lectures are necessary. 
Explore the concept of related assignments to highlight iterative nature of design 
process. 
Assessment Design Critique 
Set clear expectations about whether or not class assignments will be given marks. 
Provide feedback on assignments by incorporating it into interactive discussions of 
theory. 
Set ground rules or clear format for critique sessions. 
Peer assessment can provide useful feedback as well as develop critical thinking 
skills. 
Final Grading 
Include a portfolio as part of the final assessment. 
Test and exam questions should reflect class discussions and require critical and 
analytical thinking. 
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Artefacts produced are more or less well-expressed solution; not right nor wrong. 
Ideas are developed and refined in an iterative process. 
Design ideas reflect interpretation of each individual. 
fa
ci
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at
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 Learn design process by practising it in module planning workshop. 
Learn computing studio method by experiencing it in module planning workshop. 
Develop personal reflective practice through use of design journal. 
Identify own learning style to be aware of personal preferences. 
Plan teaching for all learning styles. 
Participate in a community of practice.   
st
u
d
en
ts
 
 
Understand what motivates students and main issues in order to better facilitate 
learning process.  
Table 6.1 Overview of Computing Studio Teaching Method 
The model is intended to serve as a guiding strategy, rather than being prescriptive. The model is 
discussed here with reference to related literature (Chapters 2 and 3), the issues identified as gaps in 
knowledge (Section 3.5), what has been learned from the case study (Chapter 5), and proposed 
methods to be used by non-design computing academics to teach digital design. 
The nature of computing as a discipline is different to that of creative design, so while the computing 
studio method is based on the methods of design studio teaching, the methods have been modified 
for use within traditional computing environments.  
Academics wishing to utilise the model are advised to refer to the background material, including 
suggestions for activities, instructions for students and a list of relevant references provided in the 
Appendix on CD (computingStudioToolkit.pdf, Appendix on CD). This material includes suggestions for 
both methods to try and things to avoid. Methods should be adapted to particular circumstances and 
individuals. 
The computing studio method follows elements of typical creative design studio teaching methods 
(Section 3.3.1).  
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 The studio method is built around the concept of reflective practice. Reflective practice entails 
the practitioner — in this case both the academic and the students — to be in a process of 
constant reflection on his or her own developing practice. By both external critique and 
constant questioning, a deeper understanding of both technical knowledge and the creative 
process is developed. 
 Design educators understand that design is best learnt by practising it, rather than by 
analysing and studying the theoretical concepts. This is achieved through the use of a studio 
environment, design critique and an open, respectful relationship between lecturer and 
students. 
 The method of the studio can be described as one of constant questioning. The student must 
explain and defend choices: methods, processes, solutions and implementation, describing 
how they fit with the proposed solution and convincing both lecturer and peers of their 
suitability. 
6.2.1 Surface Structure 
Surface structure relates to the physical aspects of the computing studio, specifically time, venue, 
student-lecturer ratio and materials. 
The main concerns for adapting a design studio method surface structure to that of the 
computing studio were identified as follows (Section 3.5): 
 In the computing studio, it is unusual to be able to schedule the amount of contact time 
that is traditional in creative design teaching. Large blocks of contact time facilitate a 
level of interaction between students and lecturers that encourages communication and 
sharing of ideas. 
 It is also unusual to have dedicated facilities where students can leave their work in-
between class time, or continue to work in their own time. This reduces opportunities for 
peer-to-peer interaction. 
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 Computing classes are traditionally larger than design classes, making it more difficult for 
lecturers to develop personal relationships with their students. 
 Computing lecturers and students are not generally familiar with sketching and creative 
materials that can be used to develop an understanding of creative process, tending to 
focus more on the software and hardware required to produce an end-product. 
Sketching is considered to be an integral part of design thinking, and there is a need to 
formalize this activity within computing studio teaching. 
 Time 
The results of the case study (Section 5.3) show that it is very important when using studio 
teaching within a traditional computing schedule to plan effectively. The available time, 
whether it is one, two or three sessions per week, must be used as productively as possible. 
This can be achieved by setting up tasks and assignments for students to complete between 
contact sessions, so that they attend class, able to actively participate. 
The short blocks of time of traditional lecture periods may make it necessary to set up an 
assignment schedule so that all students have an opportunity for every type of activity during 
the course of the module (Section 5.8.1). For example, if students are to present a design to 
the class during a session that is 80 minutes in duration, only a few students in a class of 30 
will be able to do so effectively. Therefore, this type of activity must be repeated, so that each 
student, or student group, has the same opportunity. 
Another factor that is important in using available time effectively, is the need for students to 
arrive for class on time, and not to leave early (Section 5.5.3). The lecturer will need to be 
strict about this if there is a culture of disregarding time within the institution. 
 Venue 
The ideal situation is to have a computer laboratory that can be dedicated to the modules 
using the computing studio method as with creative design studio teaching (Section 1.1.1.1). 
This would allow the laboratory to be designed specifically to include extra tables for group 
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work and non-computer based activities, as well as a group discussion and display area. 
However, the case study results show that ordinary computer laboratories can serve as 
computing studios (Section 5.3). 
The first step is to hold interactive lectures in the computer laboratory rather than presenting 
lectures in the traditional lecture venue. This is not without challenges, but by having a 
lecture in an interactive laboratory, the lecturer will find it easier to develop new interactive 
methods, and avoid slipping back into old habits. 
The laboratory should have either an overhead data projector linked to the lecturer’s 
computer, or some other facility whereby everyone in the room can see the same material at 
the same time. This facilitates class discussions of both theoretical concepts, examples, and 
the critique of completed electronic assignments. 
The advantage of teaching in a computer laboratory, whether the session is about theory or a 
practical application, is that students can be directly involved with the computer as a tool. It is 
usually possible for small groups to move their chairs to sit together. The lecturer can move 
amongst the students more easily than in a traditional lecture venue, where long rows of 
seats are positioned closely together. 
A disadvantage of having classes in the computer laboratories is that students will have access 
to other work via their computers, and even distractions such as email and Facebook. 
However, it is anticipated that as they experience the value of being involved in class 
interactions, and the benefits of the studio approach, so their work ethic and motivation will 
improve. It is also the responsibility of the lecturer to make sure that the time spent in class 
provides sufficient value for the students to find it beneficial to take part. 
 Student-Lecturer Ratio 
The development of creativity and design thinking skills requires an atmosphere where the 
lecturer takes on a role closer to that of coach, than in the traditional lecturer-student 
relationship (Section 3.3.1.4). The nature of the relationship between the students and 
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lecturer must therefore be open, communicative and reciprocal. This is much easier to 
achieve where the lecturer is able to spend a considerable amount of time with the students, 
and develop close, personal relationships, than in traditional, large computing classes, where 
the lecturer sees the whole class together for only an hour or two a week. 
Lecturers in the case study found that a key method of dealing with this issue is to set group 
tasks and assignments (Section 5.4). There would still be only one lecturer amongst a large 
class of students, but there is opportunity for closer interaction between the lecturer and 
each group, as well as amongst the students. 
The lecturer should also try to be perceived as approachable, so as to encourage students to 
feel comfortable about consulting her out of class time. It helps for the lecturer to address 
students by name and to  be honest with them, so as to build trust. 
 Materials 
Some of the materials to be used in the computing studio may be unfamiliar at first to the 
students, as the majority of computing students have had no art or design training. It is 
therefore helpful to provide them with clear instructions for how to use these materials. 
(focusGroupNotes.pdf, Appendix on CD). 
Textbook 
The module textbook is the main source of reference material which is used by students to 
study the theoretical concepts in the module or programme. In some modules, due to the 
rapid evolution of technology, it may be difficult to find an appropriate textbook, and the 
lecturer will have to use a variety of both printed and online resources as the text for the 
module, for example, the Web Page Design 2.2 module (lecturer1.pdf, Appendix on CD). 
Whatever the nature of the text, in the computing studio, the textbook should not dictate 
either sequence or structure of the work, or be the only reference material. Sequence and 
structure will be determined by what is considered the best way to structure assignments to 
lead to an understanding of design process. For example, it might be useful to deal with a 
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practical topic such as prototyping before it would normally occur as part of the actual 
process, so that later projects can be more hands-on because students have already learnt the 
practical skills (lecturer2.pdf, Appendix on CD).  
The Design Journal 
Many designers carry a sketchbook, or visual journal, with them at all times, to record and 
explore ideas and observations (Greenberg 2009b). These are valuable tools in developing a 
creative process, as ideas can be easily jotted down in any form, and there is no need for it to 
contain “final” or “perfect” solutions. 
The case study lecturers preferred the term “design journal” to refer to a sketchbook, as it has 
less association with creative arts, and they considered this would make the concept more 
acceptable to typical computing students (focusGroupNotes.pdf, Appendix on CD). 
The use of a design journal is a habit that must be worked at; it will not develop on its own. So 
the lecturer must set up some ground rules about how the journal is to be used, and then 
follow up regularly to ensure the students are using it effectively (Greenberg 2009b). Most 
importantly, students need to be motivated to use the journal and see the value in using it. 
One method of motivation, as well as ensuring follow-up, is to include the content of the 
design journal in the assessment process. 
For example, students could be instructed to do preliminary designs for an assignment in the 
journal. Students must then be prepared to show the lecturer the journal at any time, when 
asked. Marks could be allocated for designs. Assessing designs on the basis of quantity rather 
than quality could help shift the emphasis to the creative process, rather than the end 
product. 
Students taking more than one digital design module could use the same sketchbook for all 
the relevant modules, to further the cross-pollination of ideas, and to reinforce the 
multidisciplinary nature of the concepts. However, lecturers will need to communicate about 
this, especially to work out how assessment will be done (Duker 2009). 
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Every student should choose and purchase their own journal, as it will become a very personal 
tool, and they need to be comfortable with their choice (Greenberg 2009b). Traditional 
sketchbooks are ideal, as they contain good quality blank paper, which allows for a variety of 
purposes, both drawing, writing and pasting extracts. Spiral-bound versions work well, as they 
can be easily opened up and laid flat. 
The lecturer must have his or her own design journal, and use it on a daily basis. It is an 
essential tool in the practice of reflection-in-action. Some lecturers, and students too, will 
prefer to use an electronic version of the design journal. There is insufficient evidence at this 
point to say whether or not this will have the same result as a paper-based journal, that is, the 
development of design thinking skills. 
The Digital Scrapbook 
Scrapbooks are more often found in craft than design, but personal experience indicates that 
scrapbooks can fulfil a very useful function in terms of collecting ideas. 
Computer science students are generally very comfortable working on their computers, which 
provides an excellent opportunity: combine the idea of a scrapbook with technology, and 
have them develop a digital scrapbook. This can become a useful resource to be carried well 
into their futures. 
Like the design journal, using a scrapbook is a habit that needs to be worked at. The more 
often it is used, the more useful it becomes. The lecturer can also develop this habit, and so 
build up useful examples and ideas for later use, for example, when browsing the web, doing 
research or viewing different examples, add ideas or examples that may be useful for later 
reference to the digital scrapbook. 
Microsoft OneNote is a very useful application to use for this purpose (focusGroupNotes.pdf, 
Appendix on CD). 
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Design and Prototyping Materials 
Other relevant materials must be introduced as required, and often depend on the nature of 
the module and its particular medium and type of design (Section 1.1.1.1 and Section 3.3.2.1). 
For example, a web design module will require software for developing web sites, whereas a 
multimedia systems module requires software capable of a different set of tasks. 
In addition to the relevant hardware and software, design materials should be available for 
use in creative activities (Greenberg 2007). It is typical in design studios for students to 
provide their own materials. However, as computing students tend to be unfamiliar with using 
materials such as coloured pens, pencils, glue, cardboard, wood, and other “art” materials, 
the lecturer may wish to provide some supplies for activities that require these. The building 
of models and prototypes may form a significant part of the design process, so any materials 
that may be relevant to the module and that could aid in the process of making abstract 
concepts concrete, should be considered. 
Useful software for electronic prototyping includes presentation tools such as PowerPoint; 
interface builders like Processing (http://processing.org), Macromedia Flash and Director 
(www.adobe.com), if they are available; and digital video. 
Project Wall 
In the absence of a group discussion space or pinup boards in the computing studio, an 
electronic “project wall” can be created to allow students to view each other’s work (Section 
5.4.3). A shared digital workspace of this nature can also be used effectively in class, as 
everyone would have access to all the stored projects. 
6.2.2 Gaps in Surface Structure Methods 
The recommended computing studio teaching methods should enable non-design computing 
academics to use existing facilities and schedules to address the gaps identified in Section 3.5.1, 
CHAPTER 6 
RECOMMENDATIONS 
  Page 178 
which were that there was insufficient contact time for the required levels of interaction, no 
open desk space and no group discussion area. 
6.2.3 Pedagogical Activities 
Pedagogical activities refer to the structures that organize the activities of the computing studio, 
and are supported by the physical aspects and profile of the lecturer. They are chosen as being 
appropriate for the epistemology of the studio. Included in this element are nature of 
interactions, content and assessment. 
The main concerns identified (Section 3.5) for adapting the pedagogical activities of a design 
studio to that of the computing studio were: 
 It is not easy for academics who are used to presenting traditional expository lectures, 
conveying theoretical classes to large classes, to know how to create the opportunities 
for interaction between themselves and their students, and to foster an atmosphere of 
active and willing participation and sharing of ideas. Students learning from each other in 
the manner of creative design studio teaching could be perceived to be “copying” in 
traditional computing education. 
 The computing studio modules have content that require both theoretical and practical 
aspects to be addressed, whereas the typical studio method generally treats theory in a 
separate, more traditional mode. 
 The method of design critique is unfamiliar to computing academics, and there is 
generally insufficient time in the short lecture periods to develop effective critical 
discussions of students’ work. 
 Computing academics are used to assessing work that is clearly right or wrong, rather 
than of a more subjective nature, which is typical of design artefacts. 
 Nature of Interactions 
Activities must be specifically designed to achieve the atmosphere of active participation by 
the students that is central to studio teaching, rather than a pattern of passive dissemination 
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of information by the lecturer, or the traditional expository lecture (Section 5.4.1). Activities 
should be designed to encourage a shift in focus from convergent thinking to the ability and 
willingness to explore multiple alternatives to a problem, or the divergent thinking that is 
critical to the design process. 
The lecturer must plan carefully in advance of each session exactly what type of interaction is 
required, and how to make it happen. It is also necessary to anticipate unexpected 
occurrences and how to deal with such events to get the desired interactions. 
Students must be enrolled in the idea of active participation and commitment from the 
beginning (lecturer2.pdf, Appendix on CD). How each lecturer approaches this will probably 
depend on personality and other characteristics, and is addressed in the background material 
(computingStudioToolkit.pdf, Appendix on CD), which provides information a lecturer can 
adapt for her particular circumstances.  
The lecturer must make sure that students understand the necessity and value of preparing 
adequately for each session by completing set tasks and assignments. Students must be made 
aware of the negative impact of not doing so, and not be allowed to get away with handing in 
work that is incomplete or late. This does not necessarily have to be done by marking work. 
For example, if the contact session incorporates feedback on student work, then one of the 
consequences of not presenting work is that the student does not get any feedback. On the 
other hand, by the lecturer providing worthwhile feedback on submitted work, the student 
will begin to value the process. 
The lecturer must find ways to engage all students, not only the ones who are eager to 
volunteer their ideas and opinions (Hardman 2009). It helps to be able to address students by 
name, or in some other way be able to call on specific students as required. For example, in a 
large class where it is difficult to quickly get to know the students’ names, a lecturer might use 
a device such as throwing a ball around to call on specific students. This type of interaction 
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also adds to the dynamic and playful nature of a session, but must be something which the 
particular lecturer is comfortable with doing. 
It is easier to encourage active interactions amongst the students in large classes if they are 
divided up into small groups. Tasks, discussions and assignments can then be done within the 
small groups, and the lecturer can engage with each group in turn. Students can make 
presentations to the whole class as a group, rather than as individuals, which is helpful when 
short periods of time is all that is available. 
Another consideration in terms of engaging all students, is to teach using Kolb’s Experiential 
Learning Cycle (Section 3.2.2). A lecturer’s natural tendency will be to teach in accordance 
with his own learning style. So, he should determine what his own style is, and then make 
sure to include the other styles in the planning of the activities. Suggestions for activities for 
the different styles are included in the background material (computingStudioToolkit.pdf, 
Appendix on CD). 
Collaboration between lecturer and student as well as between student peers is important to 
studio learning (Section 3.3.1.2). Activities must encourage the sharing of ideas, and learning 
from each other.  
This can be difficult initially in a computing studio environment, as students are accustomed 
to being warned that working together or using the ideas of others is plagiarism, and will be 
rewarded with punishment. They may be unsure about collaborating with each other. If this is 
the case, attitudes will change with positive reinforcement. The lecturer can achieve this by 
setting tasks that require students to use the work of others as part of the assignment, and 
encourage discussion relating to each other’s work (lecturer2.pdf, Appendix on CD). Provide 
direction for the students in terms of how to discuss each other’s work in a constructive 
manner by giving criteria by which to evaluate the work. 
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The lecturer must be prepared to plan well in advance, and be willing to spend a considerable 
amount of time on preparation to achieve interactions that contribute to the development of 
design thinking, communication and critical analysis skills within the computing studio. 
 Content 
Handling of Theory 
Case study results show that the computing studio can be used for both theoretical and 
practical aspects of content (Section 5.4.1). This can be achieved by a flexible approach to the 
content and structure of contact sessions (lecturer2.pdf, Appendix on CD). Assignments 
should be designed to enable students to explore and practise the theory. There will be 
occasions when the only way to present theory is using a traditional lecture approach. 
However, the use of leading questions and Platonic dialogue can create a more interactive 
and exploratory style, leading to more active participation by students (lecturer3.pdf, 
Appendix on CD). 
Theory can be addressed in the following way: set assignments prior to a contact session, in 
which students must complete a task based on the theory. If the task is set in such a way that 
they are unable to do the task unless they have worked through the theory, it will ensure that 
they do work through the text first. Completed assignments must be submitted in time for the 
lecturer to review them and incorporate the results of the assignments into the discussion of 
the concepts in the contact session.  
This achieves the dual purpose of providing real examples to demonstrate the application of 
theoretical concepts, and also allowing feedback to be given on the students’ work by both 
lecturer and peers.  
This is similar in process to the informal “design crits” used in traditional design studios. 
However, the content of an assignment does not have to be an actual design. It could be 
something as simple as finding examples that the students believe demonstrate the concepts 
about which they have read. The main aim in this type of activity is to ensure the students 
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have done sufficient preparation to be able to discuss theoretical concepts and further their 
understanding, rather than have the lecturer presenting concepts that are brand new, which 
would require a more expository approach. 
Assignments 
The case study showed the value of group assignments in promoting interaction and sharing 
of ideas between students (Section 5.4.2). The value of setting assignments that included the 
self-exploration of theory was also demonstrated. It was shown that a range of types of 
assignments could be included in the computing studio: individual or group, stand-alone or 
building on previous assignments. 
What was not fully explored, or explained, was how to set and assess assignments that would 
encourage students to focus on the process of design, rather than the end-product. This is 
considered desirable, as it helps to move the students’ focus from the result to the process of 
design and highlights the iterative nature of the process (Greenberg 2009a). 
A possible way to shift the focus to process could be to set assignments that allow students to 
redesign work they have done previously, after learning more about relevant concepts. This 
could help to develop understanding of the context of the principles they are learning and 
how the different facets of a topic relate to each other, so enhancing understanding of the 
overall context in which a design is created. It would also reinforce the iterative nature of the 
design process. 
 Assessment 
There remains a question, for further exploration, about whether or not class assignments 
should be marked (Section 5.8.4). What was clear from the case study, is that whether 
assignments are to be marked or not, the lecturer must set correct expectations from the 
beginning of the module. 
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If it is decided that assignments will be marked, then marks must be given back within a 
reasonable timeframe, so as to be useful. If uncertain about whether or not this will be 
possible, it is better to tell students at the start that assignments will not be marked, and find 
other ways of providing useful feedback. 
Peer assessment can be another method of providing feedback  (lecturer3.pdf, Appendix on 
CD). If criteria for an assignment are provided upfront, these can be discussed with the 
students and used as part of a peer assessment process. This can be useful in two ways: some 
idea of grading can be given, and in the process, students can develop critical analysis skills. 
Providing criteria for assessment when setting an assignment provides both guidance and 
focus for the students, as well as making it easier to provide an objective assessment. 
Computing studio modules are intended to develop creativity and design thinking skills, as 
well as the content-based learning outcomes. The final assessment should ideally measure the 
development of these skills to some degree. Traditional computing modules are assessed by 
tests and exams. These are usually theoretical, although sometimes a practical component is 
included. Traditional design studio modules are assessed entirely via the evaluation of a 
portfolio containing design artefacts resulting from practical assignments and projects. 
As computing studio modules would usually have combined theoretical and practical content, 
it is recommended that a combined assessment methodology is used. Tests and exams can be 
used to evaluate understanding of theoretical concepts and their practical application. A 
portfolio containing artefacts resulting from class assignments can form part of the overall 
assessment in terms of assessing the development of a personal design practice and creative 
skills. This technique was successfully used in two of the case study modules: Web Page 
Design 2.2 and Multimedia Systems 3.2. 
The exact content and method of presentation of a portfolio will depend on the nature of the 
module content and assignments (Greenberg 2009b). The lecturer will need to give very clear 
and specific instructions to students, while also making it clear to them how the portfolio will 
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be assessed. It is important to assess process as well as the final products, in order to assess 
the development of creativity and design thinking skills. Therefore, it must be specified at the 
time of working on projects which stages are likely to be included in the final portfolio, so as 
to ensure that students keep the work done relevant to these stages. 
It is often easier to construct the portfolio as the module progresses (Greenberg 2009b).This 
also helps to establish the habit of collecting and critically reviewing work for inclusion in a 
portfolio, which is an essential part of professional design practice. This means that the 
lecturer must be able to explain the purpose and format of the portfolio at the start of the 
module, and remind students at relevant points to update their collections. 
A key difference in assessment between traditional computing modules and those using the 
computing studio method relates to the difference between the assessment of objective, 
yes/no answers, and questions or tasks that require the application of theoretical concepts to 
various scenarios (lecturer2.pdf, Appendix on CD). Tests and exams in a computing studio 
environment typically require lecturers to be able to assess more subjective responses to 
questions. For example, opinions that must be motivated, theory applied in a given scenario, 
the use of criteria by which answers can be assessed. Class examples should typically model 
the type of discussion that is expected in test or exam questions. Initially, this is likely to be 
different to what students expect, and they will need to be adequately prepared. 
Design Critiques 
Design critiques are a central tool in the traditional studio method. Insufficient evidence has 
been gathered to provide a clear idea of how critiques can be effectively integrated into the 
computing studio method. However, the following suggestions may be explored further. 
Design critiques are valuable for more than one purpose (Section 3.3.1.2). Firstly, they are 
used to provide constructive feedback on what has been achieved in the application and 
interpretation of theoretical concepts in practical assignments. Secondly, they provide an 
opportunity for direct communication between the lecturer and students as well as between 
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the students themselves, and allow the development of analytical and critical thinking skills. 
They also allow for the discussion of theoretical concepts relevant to the current stage of the 
design process or project development. 
If design critiques are to be introduced in a manner that requires more critical analysis than 
the general explorations described earlier in the point relating to theory, clear ground rules 
must be set to ensure that the critique is a positive experience. It must be clear that the 
purpose is to provide feedback that will result in improvement to the design, and that 
criticism is not intended personally. The lecturer must decide on a format, whether for formal 
or informal critiques, that will be most suitable for the group involved, and communicate this 
format clearly to the students. Students must have very specific instructions about how a 
critique will be conducted and what will be expected of them. A summary of the main points 
to cover is included in the background material (computingStudioToolkit.pdf, Appendix on 
CD). 
6.2.4 Gaps in Pedagogical Activities Method 
The recommended methods of the computing studio should address two of the gaps identified in 
Section 3.5.2, providing guidelines for including theory and a method for promoting the sharing 
of ideas. Remaining gaps are shown in Figure 6.1. 
 
Figure 6.1 Gaps in Pedagogical Activities Method 
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The pedagogical activities recommended in the computing studio method provide a method for 
including theory in interactive sessions, by having students prepare tasks before coming to class. 
Sharing of ideas and communication between both student peers and students and the lecturer 
can be promoted by shared workspaces and small group work. 
Suggestions are provided for including design critiques. The effectiveness of these methods 
needs to be evaluated by further research. Guidelines for assessing creativity are yet to be 
developed, and the question was raised, but not resolved, as to whether or not marks should be 
given for each assignment submitted during the course of a module. 
6.2.5 Epistemology 
The epistemology refers to the conceptual and intellectual concepts that underpin the studio 
activities. 
The main concern identified in Section 3.5.3 was that there had been no explicit development of 
creativity and design thinking across an entire computing education programme. 
The epistemology of the computing studio aims to follow the epistemology of design by 
supporting the expressive and iterative nature of the design process, and to facilitate each 
student’s individual learning and development of design thinking and digital design practice. 
This can be achieved by moving away from traditional expository lecturing to interactive sessions 
that include open discussion and critique of design artefacts. These artefacts are created by 
students at different stages of the design process, as a practical exploration of theoretical 
concepts. 
6.2.6 Gaps in Computing Studio Epistemology 
The methods recommended by the computing studio will go some way to addressing the 
epistemological gap identified in Section 3.5.3. However, there are specific gaps that emerged 
from the results of the case study that are still to be addressed (Figure 6.2). 
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Figure 6.2 Gaps in Epistemology 
The iterative nature of the design process will not be fully supported if practical tasks and 
assignments are all separate. The inclusion of tasks that build on each other or semester long 
projects is encouraged by the computing studio method, but requires further exploration. 
Computing studio teaching methods will be adapted differently when used within different types 
of computing modules. That is, the methods used in a module with a large design component will 
be closer to the traditional studio teaching method than those used to teach a more theoretical 
subject, which will require a more hybrid type of approach. An epistemological model 
appropriate to the computing studio method across all computing modules is still to be derived. 
Academics could be encouraged to add to this exploration by practising reflection-in-action as 
they implement their own computing studio modules. 
6.2.7 Profile of the Facilitator 
The profile of the facilitator describes what is required of the person conducting the studio 
module in order to design content and activities and create an atmosphere and environment 
conducive to effective learning. 
The main concerns discussed in Section 3.5 relating to the facilitator of a computing studio were: 
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 The design process and design thinking differ in nature to traditional computing systems 
design, and lecturers teaching with this method will need to both develop their own 
creative design and thinking skills, and learn to be comfortable with a degree of 
ambiguity and uncertainty as they experiment with new methods and processes. 
 Computing academics with little knowledge of design process and practice find that it is 
difficult to teach something they do not fully understand. It is not easy to value or to use 
methods and tools that they have not personally experienced. 
 Computing academics who have not presented a computing studio module would benefit 
from an understanding of the pitfalls and type of problems they are likely to face, so as to 
be better prepared to deal with issues that do occur. 
Design process and practice is best learnt by doing it. It is easier to motivate and do something 
that one understands and values (lecturer2.pdf, Appendix on CD). And the more one does 
something, the easier it becomes, as the knowledge and skills become implicit (Schön 1991). 
Therefore, lecturers intending to teach a computing studio module need to get as much 
experience of the approach in advance of using it as possible. Ways to do this would include: 
 A Design Studio Workshop 
It is proposed that before presenting a computing studio module, lecturers participate in a 
design workshop that models the computing studio method, with the content being the 
design of the module that the lecturer will present. In this workshop, lecturers would each 
have the opportunity to play the roles of lecturer and student, so gaining experience by active 
participation. The design workshop would model the surface structure, pedagogical activities 
and epistemology of the computing studio method. 
 Reflective Practice 
Lecturers should develop their own reflective practice, using a design journal on a daily basis 
to practice reflection-in-action. Reflection-in-action should include a degree of personal 
analysis. A lecturer can benefit from understanding his or her strengths and weaknesses in 
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relation to this teaching method. Determine what can be improved, and then work on 
improving it. 
At NMMU, academics are required to maintain module portfolios for each module they teach, 
containing information relating to content, teaching and assessment. This includes a short 
reflection, written at the end of a semester. A design journal could be a valuable addition to 
this portfolio, and would further model the process and practice the computing studio 
methods aims to encourage students to develop.  
 Learning Style 
It would be helpful for the lecturer to identify her learning style, so as to be aware of the type 
of activities he or she is most likely to have a preference for using, and make sure to cater 
adequately for all other styles. 
 Community of Practice 
A community of practice must be developed amongst lecturers presenting computing studio 
modules (Section 5.6.2). If there is more than one in an institution, it is easier to set this up. 
However, even if the lecturer is the only person in an institution working in this way, it is 
possible to be part of a wider community via the internet, email, and meetings with other like-
minded academics. Activities that are helpful in this type of community are regular meetings 
as discussion forums; observation of studio teaching, whether it be other computing studio 
modules or classes in creative design disciplines at the institution; talk about what is being 
done with others; read as much relevant material as possible; and engage in continuous 
reflection on what works and what does not work. Try new ideas, then reflect and make 
improvements. 
6.2.8 Gaps in the Computing Studio Facilitator Profile 
The recommendations of the computing studio method provide guidelines for a non-design 
academic to prepare for teaching using the method, and should address the gaps identified in 
Section 3.5.4.  
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6.2.9 Profile of the Students 
The characteristics of students enrolled in any given module are considered to have a fixed 
nature. The lecturer cannot change the profile of these students, but the success of the module 
will depend on how well the lecturer is able to engage the students in active participation and 
effective interactions. 
If the lecturer understands what motivates the particular students and what the main issues are 
likely to be, it will be easier to motivate them and better facilitate the learning process. How this 
is done will depend on the particular lecturer’s personality and style. 
It is important that the lecturer explains clearly at the start of the module exactly what is 
expected of students and how the studio methods will work. As the module progresses, the 
lecturer must be aware that students who are unfamiliar with the methods may need reminding 
about what is required. If the computing studio method is used in more than one module, across 
different years, within a qualification, it is expected that this will become less necessary, as 
students’ familiarity with the methods increases. In this case, it is also expected that a culture of 
computing studio teaching will be developed within the department. 
6.2.10 Gaps in the Computing Studio Student Profile 
The main gap identified in Section 3.5.5 related to the effect of studio teaching with students 
who were unfamiliar with the approach. 
 
Figure 6.3 Gaps in Student Profile 
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The recommended computing studio methods are expected to address this issue. However, 
more data would be useful to build a more complete picture of the students’ profile (Figure 6.3). 
Studies could possibly be done relating to students’ learning styles and personality types to 
provide more information. 
6.3 Summary 
A computing studio method for non-design academics to use in the teaching of digital design was 
recommended (Section 6.2). This method was developed from the results of the case study, as well as 
principles identified in the literature review. This method must be considered a possible approach, to 
be tested and validated in further research. 
The computing studio method is presented with reference to the learning systems model used to 
describe typical design studio and computing teaching methods in Chapter 3. The model used key 
elements of design studio teaching methods, including reflective practice, learning design by 
practising it, and constant questioning. 
Key recommendations of the computing studio method include: 
 Existing schedules can be adapted for studio teaching by having interactive sessions in 
computer laboratories rather than traditional lectures in traditional lecture venues (Section 
6.2.1). 
 Contact time can be used effectively, and theory can be integrated into the studio 
environment, by setting assignments that will engage students with theory and design 
concepts before they come to class (Section 6.2.1). 
 Interaction can be enhanced by dividing students into small groups for both assignments and 
class discussions (Section 6.2.3). 
 Reflective practice and creative concept generation can be developed via the regular use of a 
design journal (Section 6.2.1). 
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 Learning from each other and the sharing of ideas can be promoted by providing a shared 
electronic storage area for project work, group work and discussions, and clearly structured 
design critique sessions (Section 6.2.3). 
 Process as well as end-product must be measured in assessment. This can be achieved with 
the submission of a portfolio, in addition to regular practical and theoretical tests and 
examinations (Section 6.2.3). 
Careful planning for interaction and the promotion of a studio environment will be required of the 
academic, and is critical to the success of the implementation of this approach (Section 6.2.7). 
The best way for a non-design academic to learn how to teach using the computing studio method is 
possibly to experience it for themselves (Section 6.2.7). This experience could be provided by 
organising a design studio workshop prior to the implementation of the method, in which the 
academic plays both the role of lecturer and student. The design of the module to be taught could 
form the content of the workshop. 
Other tools to help in the preparation of the academic include a design journal to develop a reflective 
practice, awareness of individual learning styles, and the establishment of a community of practice 
within the relevant department or institution (Section 6.2.7). 
Areas that have not been thoroughly addressed or remain unresolved by the research that was 
conducted, include the question of whether or not to provide marks for all class assignments and 
methods for effective management of peer assessment and design critiques. 
The following chapter provides a summary of the research findings of and contributions made by this 
research, and suggestions for future related work. 
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C h a p t e r  7   
C O N C L U S I O N S  
7.1 Introduction 
Chapter 6 made recommendations for a computing studio method to be used by non-design 
computing academics to teach digital design. This method was developed from principles identified in 
the literature, interviews with educators (Chapters 2 and 3) and the results of the case study that was 
conducted (Chapters 4 and 5). 
The purpose of this chapter is to present a holistic overview of the process and results of the study. 
The research questions are reviewed (Section 7.2) and the limitations of and problems encountered 
during the research are identified and discussed (Section 7.3). The contributions made by the study 
are explained from both theoretical and of the theory application perspectives (Section 7.4) and 
future opportunities for research are described (Section 7.5). 
7.2 Research Questions Revisited 
The aim of the research was to explore how studio teaching methods could be used to teach digital 
design within a traditional computing environment, leading to the development of design thinking by 
computing students. A further aim was to investigate whether non-design computing academics 
would be able to implement such studio teaching methods if provided with guidelines for doing so.  
A primary research question was formulated to investigate this aim: What are appropriate studio 
teaching methods for non-design computing educators to follow, in order to implement studio 
teaching in traditional computing education, thereby promoting design thinking? (Section 1.4). 
Five subsidiary research questions were derived to support the investigation of the main aim (Table 
1.1): 
 Why is it necessary for computing students to develop design thinking? (Research Question 1) 
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 How does design thinking differ from traditional computer systems design? (Research 
Question 2) 
 How is design thinking developed in the education programmes of creative design disciplines? 
(Research Question 3) 
 How can the teaching methods of creative design be adapted for use in traditional computing 
education? (Research Question 4) 
 How can non-design computing academics implement adapted design studio teaching 
methods in their own programmes? (Research Question 5) 
How each of these questions was addressed is discussed in the following sections. 
7.2.1 Design Thinking and Computing 
The first two research questions, addressed in Chapter 2, were intended to clarify why computing 
students need to develop creativity and design thinking (Research Question 1), and how creative 
design differs from traditional computing systems design (Research Question 2).  
 The results of the literature reviewed established that changing trends in technology such as digital 
convergence, ubiquitous computing and a shift towards an economy focusing on consumer 
experience, have led to creative design processes playing an important role in contemporary digital 
design practice(Sections 2.2 to 2.4). This is exemplified by the emerging field of user experience or 
interaction design. The digital designer has become part of a multidisciplinary team. This 
multidisciplinary approach requires computing professionals to have a clear understanding of the 
roles and skills of their creative design colleagues and to be able to contribute to creative and 
innovative solutions. 
The literature describing creative design and computing systems design resulted in a detailed 
discussion of the nature of creativity, design thinking and creative design, and how these differ from 
traditional modes of thinking, which are utilised in conventional computing systems design (Sections 
2.5 to 2.10). Two different modes of thinking were identified (Section 2.6). One, which may be called 
convergent thinking, is typical of computing systems design approaches. The second mode, which 
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may be called divergent thinking, is more commonly associated with the creative disciplines. 
However, both modes of thinking are part of the design thinking process, and are essential to the 
success of creative design practice.  
The nature of problems in the computing and creative design disciplines was also compared and 
found to be different (Section 2.6). Computing problems fall into the “tame” domain, meaning they 
can be defined separately to the solution, and a solution’s potential to adequately solve a problem 
can be objectively measured. Design problems, on the other hand, can be classified as “wicked”, or 
having more than one possible solution, with no clear endpoint to the measurement of the success of 
a solution. A design solution can be subsequently measured as “good enough”, within the constraints 
of a design problem. 
Methods that are particular to design thinking are used in teaching creative design, which prepares 
design students for dealing with the wicked problems (Section 2.11). Computing students, however, 
are trained to be more problem-oriented, following a specific step-by-step process. This implies that 
such students are usually not sufficiently prepared for working with contemporary digital design 
problems, which tend to be of a wicked nature, requiring innovative, divergent, design thinking. 
The differences between design thinking and computing systems design are significant for computing 
education, because traditional computing teaching methods will need to be changed if computing 
students are to be given the opportunity to develop creativity and design thinking skills.  
7.2.2 Teaching Design Thinking 
 In order to establish how computing education could be changed to develop design thinking skills, it 
was necessary to explore how design thinking is taught within creative design disciplines (Research 
Question 3) and how these methods can be adapted for computing education (Research Question 4). 
This was achieved successfully in Chapter 4 by comparing typical methods of teaching creative design 
and computing, by analysing existing computing programmes that had used aspects of design studio 
teaching methods and by interviewing design educators. 
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A study of teaching and learning styles was undertaken to determine if there were differences in the 
profile of computing and design students, and what impact any differences could have on the choice 
of appropriate teaching methods for each of the different student groups (Section 3.2). The three 
main learning style models discussed were the Myers-Briggs Type Indicator, Kolb’s Experiential 
Learning Cycle and Felder-Silverman’s Learning Style Model. These were the three models found to 
be most commonly used in research into design and computing education. However, insufficient data 
prevented researchers making any conclusive statements about typical student learning styles or 
personalities in either of the two domains. 
It was concluded however, that a useful approach would be to use teaching techniques that would 
consider all the learning styles, without favouring any particular group (Section 3.2.2). The design 
studio teaching method was considered easy to adapt to this approach, as it naturally follows Kolb’s 
learning cycle. 
The core method for teaching creative design process and practice in creative design disciplines was 
identified as being the design studio method. This method was analysed and presented as a holistic 
learning systems model (Section 3.3.1). The model was then used as a tool for analysing and 
comparing different teaching methods to show key issues relevant to adapting design studio teaching 
for computing education. This was done by analysing typical computing teaching methods (Section 
3.3.2), and then comparing the typical design studio and computing teaching methods (Section 3.3.3).  
Existing computing modules that had used and adapted studio teaching methods were also analysed 
in terms of the learning system model (Section 3.4). This showed the key issues, or gaps that had not 
been addressed by these modules (Figure 7.1). These gaps related to the differences in education 
environments between the two fields, as well as the differences in training and experience between 
design academics and non-design computing academics. 
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Figure 7.1 Gaps not Addressed by Existing Modules 
The proposed learning systems model was then used to summarise these issues and identify gaps in 
knowledge about adapting studio methods that could be further investigated by a case study (Section 
3.5). The main aim of the case study was to examine the experience of non-design computing 
academics in applying studio teaching methods, with the overall objective being to fill in the gaps. 
Preliminary guidelines for implementing studio teaching methods in a traditional computing 
environment were developed from the investigation of the first four research questions. These 
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guidelines were used by non-design academics to explore the implementation of studio teaching in 
the case study (Research Question 5). Five case study questions were devised to direct attention to 
the aspects of data relevant to the gaps that had been identified: 
 How do non-design computing educators adapt traditional scheduling and venues to 
accommodate studio teaching methods? 
 How easily can non-design computing educators adapt studio methods to accommodate 
content and learning objectives? 
 How well is the concept of studio teaching understood by non-design computing educators? 
 How can non-design computing educators be prepared for teaching with modified studio 
teaching methods? 
 How can non-design computing educators learn creative design and design thinking for 
themselves? 
An exploratory, embedded, single-case study was conducted within a phenomenological framework, 
and analysed using thematic analysis (Chapter 4). Three lecturers, teaching three separate modules 
within the Department of Computing Sciences and their students were participants in the study. The 
modules all had design components: one second year module, Web Page Design 2.2, and two third 
year modules, User Interface Design 3.1 and Multimedia Systems 3.2. 
Seven main themes emerged from the thematic analysis of the data and were discussed in relation to 
the learning system model (Chapter 5), filling significant gaps in knowledge previously identified 
(Figure 7.1). 
The results of the case study, along with principles identified in the literature study, were used to 
recommend a computing studio teaching method for non-design academics. This could be used to 
present a modified form of design studio teaching that would be suitable for a computing 
environment (Chapter 6). This method uses key elements of design studio teaching including 
reflective practice, learning design by practising it, and constant questioning, and is presented using 
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the learning systems model that had been devised and used previously to describe and compare 
teaching methods. 
The examination of the five research questions led to a positive view regarding the thesis statement 
for this work: Non-design computing academics can implement studio teaching methods in traditional 
computing education, in order to promote design thinking, if provided with an explicit model for doing 
so. However, there were some limitations and problems encountered during the research, which will 
be discussed in the following section. 
7.3 Shortcomings of Research 
Two of the shortcomings of this research relate to the nature of the empirical study. The case study 
was conducted within a single department, in one institution, and was of an exploratory nature. The 
main intention was to explore how non-design academics were able to adapt suggested guidelines for 
studio teaching to their traditional computing modules. 
One limitation of the case study is that the results could not be generalized, given that it was a single 
study. The recommendations arising from the research must therefore be viewed as a “candidate” 
approach, to be validated by future research. 
A second shortcoming of the case study was that it did not measure the effectiveness of the studio 
teaching methods implemented. 
There were 95 students registered for the three modules in the case study (Table 5.3). Of these, 45 
students (47%), provided feedback by means of questionnaires. The original plan was to have 
students participate in focus groups, to provide continuous feedback throughout the semester. As 
only 11 out of the 95 students (12%) in all three modules of the case study were willing to participate 
in focus groups, it was decided to obtain feedback by administering questionnaires instead. This 
resulted in a higher rate of participation, although it meant that the student feedback was of a less 
personal and ongoing nature than initially planned. As questionnaires were administered during class 
time towards the end of the semester, only those students who were present in class provided 
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feedback. This meant that no data was collected about the students who were not present, and no 
understanding was obtained about whether they had lost interest in the module and if this was 
related to the difference in teaching methods. 
There remains a gap in the student profiles for all the teaching methods described by this research, 
that is, typical design studio and computing education, as well as the modified computing studio 
approach. The profile of the students was not considered as a focus of the research before the 
empirical study began, and the opportunity to gain insight by studying learning styles and personality 
types of the students was not anticipated. Neither the researcher nor the lecturers involved in the 
study had any control over the nature of the students, and no data was gathered relating to student 
profiles or learning styles. 
7.4 Research Contributions 
The contributions made by this research are discussed in two sections: firstly, the theoretical 
contribution, and secondly, the contribution made by the application of the theory. 
7.4.1 Theoretical Contribution 
An exploration of the nature of creative design and how it differs to that of computing systems design 
revealed that designers tend to have difficulty in communicating what it is they do, as much of their 
design knowledge is tacit, or subconscious. This is because, with experience, the creative process 
becomes implicit or intuitive, and the designer no longer focuses on the details of how it is done. This 
is much the same as an expert sportsman, whose skill has become subconscious with much practice, 
over time. A discussion of creativity, design thinking and creative design intends to make some of this 
tacit knowledge more explicit, or accessible, to non-designers (Sections 2.5 to 2.10). 
Similar concepts are expressed in different ways by different researchers. The two key modes of 
thinking identified in Section 2.6 are of specific importance for this study. Whether the two modes 
are referred to as design thinking and traditional thinking, “what-is” and “what-can-be” (de Bono 
1999), wicked and tame problems (Rittel et al. 1973), problem setting and problem solving (Schön 
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1991; Buxton 2007), or convergent and divergent thinking (Fry 2006), the important concept for the 
computing studio method is that both methods are necessary for developing creativity and 
innovation, and both must be encouraged and included in the learning environment and digital 
design process.  
The design studio teaching method was identified as an appropriate model for teaching both types of 
thinking, as creative design is rooted in design thinking skills (Section 2.11). The effective teaching of 
creative design can therefore be presumed to lead to the development of higher order creative and 
innovative thinking ability. 
Figure 7.2 shows the learning systems model that was developed and used to describe and compare 
design, computing and modified studio teaching methods. It was adapted from Shaffer’s (2007) 
coherent learning systems model of a design studio, which contains three interrelated elements: 
surface structure, pedagogical activities and epistemology. The model presented in this research 
expands Shaffer’s model by adding two elements: profile of a facilitator and profile of students, as 
these were considered to be part of the overall learning system. The profile of the facilitator was 
added to the model because a facilitator must have particular characteristics, skills and knowledge to 
be effective within the environment described by the first three elements. Although the facilitator 
cannot change the profile of the students, it was considered necessary to include the profile of the 
students as an element, to create an awareness of the need for the facilitator to understand the 
students and their motivations in order to manage the environment effectively.  
The surface structure was organised into four components: time, space, materials and student-
lecturer ratio. The pedagogical activities were organised into three components: nature of 
interactions, content and assessment. The epistemology was not divided into separate components, 
but discussed holistically. 
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Figure 7.2 Learning Systems Model 
The learning systems model became a useful tool in comparing design studio and computing teaching 
methods (Section 3.3.3).  It was also used to analyse existing computing programmes that had applied 
modified studio teaching methods, in order to identify explicit methods of adapting studio methods 
for computing and where there were gaps in this knowledge (Sections 3.4 and 3.5). Mapping the gaps 
onto the elements of the model facilitated the development of case study questions that would direct 
the researcher’s attention during analysis of the data to those areas where more information and 
exploration was necessary. 
The model was then used as the vehicle for proposing an explicit computing studio teaching method. 
This method aims to adapt key components of traditional studio teaching methods in a way that is 
achievable within traditional computing education environments (Chapter 6). 
The proposed computing studio teaching method offers suggestions for adapting typical design studio 
teaching methods to fit into traditional computing education, while remaining aligned with the design 
studio principles of reflective practice, constant questioning and learning by doing.  
CHAPTER 7 
CONCLUSIONS 
  Page 203 
Explicit recommendations are made for non-design academics to use as a guide in planning and 
presenting a studio-based computing module. These recommendations attempt to make the tacit 
knowledge and experience that design academics bring to their teaching more accessible to non-
design academics. 
The experiences of the three lecturers participating in the empirical study demonstrate that learning 
how to teach using design studio methods would be best achieved by first-hand experience in design 
studio teaching, just as design is best learnt by practice. This leads to the conclusion that it could be 
valuable in the preparation of non-design academics, wishing to teach computing modules, to 
participate in a design studio course, to develop their own practice of reflection-in-action, and to be 
part of a studio teaching community of practice. 
7.4.2 Application of Theory 
An additional result of the research was that the entire project followed and was shaped by the 
design thinking process and elements of design studio teaching at a meta level, while dealing with the 
process and elements at a research or scientific level. 
The research itself followed the design thinking process of solving a wicked problem. That is, the 
research aim was a wicked, rather than a tame problem, and the process of inquiry that led to a 
resolution of the problem also defined the problem more clearly. 
The knowledge and understanding of design thinking, wicked and tame problems, and many other 
aspects of creative design and studio teaching only emerged as the project progressed. This modelled 
the studio teaching method of learning by doing. 
A key factor in the learning process that led to a greater understanding of creative design teaching 
was the development of a community of practice, via the weekly focus groups held by the lecturers 
participating in the case study. This helped to develop the concept of reflective practice. 
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Constant questioning by both the primary researcher and the lecturers participating in the case study 
developed a critical understanding of the benefits of studio teaching methods, as well as the factors 
within the computing environment that could negatively impact implementation. 
The development of the recommendations and the actual writing of this dissertation followed an 
iterative design process, using the tool of sketching, albeit in the form of written drafts, to develop 
the final artefact. This final artefact is considered to be at a level that satisfices, that is, provides a 
“good enough” solution, to the initial design problem. 
Aspects of the project that were problematic, or resulted in methods being ineffective can be also be 
viewed in terms of design thinking and studio methods. 
Firstly, one of the main factors the lecturers reported that led to difficulties was their own lack of 
experience with the methods and tools. The researchers now know to expect this, as studio teaching 
is best learnt by practising it and experiencing it. This can be resolved by two methods. Non-design 
computing academics can be provided, in advance of teaching a computing studio course, with some 
experience via a preparatory workshop, and support for the development of their own reflective 
practice. They must also be prepared for the possibility of difficulties that they cannot immediately 
solve, and they could easily get things wrong at first. Although designers are generally comfortable 
with such circumstances, computing academics are less so. A community of practice can provide 
support in this regard. 
Secondly, the preliminary guidelines that were provided for the academics at the start of the case 
study made too many assumptions about design knowledge and understanding. The primary 
researcher, who compiled the guidelines, only realised as the project progressed that her own tacit 
knowledge of design and studio teaching methods was not made explicit enough to be accessible to 
the other lecturers, from non-design backgrounds. For example, when two of the lecturers expressed 
their discomfort with the idea of using a sketchbook or design journal, the primary researcher 
realised that she had assumed that they would understand its value, because she did, having used it 
as an habitual tool since her own undergraduate education. 
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The computing studio teaching method, summarised by Table 6.1, fills many of the gaps in knowledge 
identified before embarking on the case study (Section 3.5), showing that a hybrid teaching method 
that combines the essence of design studio teaching with the content and environment of computing 
education, can result in transformational educational outcomes for computing students. 
However, there are still gaps in the model, summarised in Figure 7.3, that will need to be the domain 
of future research.  
 
Figure 7.3 Gaps in Computing Studio Method 
The epistemology of the computing studio requires further exploration in terms of how practical tasks 
and assignments can fully support the iterative nature of the creative design process (Section 6.2.6). 
An epistemological model that is appropriate to the computing studio method when applied to all 
types of computing models, including those without a specific design component is still to be derived. 
 The pedagogical activities of the computing studio provide suggestions for integrating critiques 
effectively, but these have not been evaluated (Section 6.2.4).  Guidelines non-design computing 
academics could use for assessing creative design artefacts, design thinking and innovation are still to 
be developed, and questions regarding the allocation of marks for each assignment submitted have 
yet to be resolved. 
CHAPTER 7 
CONCLUSIONS 
  Page 206 
More data is required to develop a profile of computing studio students (Section 6.2.10). 
While the development of creativity and design thinking was not explicitly measured as part of the 
empirical study, feedback from both students and lecturers indicates that at least some of the 
students developed higher order thinking, design and analytical skills as an outcome of the studio 
teaching approach (Section 5.4.5). 
7.5 Future Research 
The recommended computing studio method will be tested, refined and validated by the group of 
lecturers involved in this study, aiming to fill in the gaps remaining in the method (Figure 7.3) and to 
refine the method itself and the background preparation and material provided to non-design 
academics. 
Five other academics in the Department of Computing Sciences at the NMMU, at both junior and 
senior levels, have expressed interest in participating in this research and applying computing studio 
methods to the teaching of several computing modules at both undergraduate and post-graduate 
level, to be presented in 2010. 
The computing studio method is intended to develop creativity and design thinking, in any relevant 
computing module. The future study will aim to measure how effective the computing studio method 
is in actually developing creativity and design thinking. Appropriate metrics will need to be sourced or 
developed. 
The computing studio method will be implemented in computing modules that do not have explicit 
design content, for example, the third year advanced programming and the honours level e-
commerce modules. The intention is to develop a method whereby creativity and design thinking can 
be promoted, regardless of the content of the module to which it is applied. 
The computing studio teaching method model would be better able to be generalised if it were also 
tested at other institutions. 
CHAPTER 7 
CONCLUSIONS 
  Page 207 
The investigation of teaching and learning styles in this study was not sufficiently thorough to provide 
conclusive results. Demirbas (2008) advocates studio methods as an example of Kolb’s Experiential 
Learning Cycle, which points to an opportunity for further research in this area. 
7.6 In Conclusion 
The preliminary guidelines provided as an explicit model for the non-design computing academics to 
use were supplemented by the development of a community of practice in the implementation of 
studio teaching methods, and have been refined into a computing studio teaching method.  
The promotion of design thinking and creativity was not measured. However, qualitative feedback 
from several students indicated that they had developed their creative abilities as a result of the 
module activities and interactions.  
The students were enthusiastic about the approach and had results at least as good as previous 
classes taught using traditional methods; the lecturers involved recognise the benefits of design 
studio teaching methods and want to continue to improve their practice; and other lecturers were 
attracted by the results and energy generated by the project to participate in the follow up research 
project. 
This research could be applied and extended to make a significant contribution to teaching practice in 
computing education. It provides practical tools and methods, grounded in theoretical insights. These 
methods can be applied in the real world by non-design computing academics who are open to 
exploring new methods of teaching and learning, appropriate for a society transformed by innovation 
and technology. 
Taking into consideration the overall findings discussed in the dissertation, it can be concluded that 
non-design computing academics can implement studio teaching methods in traditional computing 
education, in order to promote design thinking, if provided with an explicit model for doing so. 
 
REFERENCE LIST 
  Page 208 
R E F E R E N C E  L I S T  
ACM. (2005). ACM Curricula Recommendations.   Retrieved October 2007, from 
http://www.acm.org/education/curricula.html. 
ANDERSON, G. and ARSENAULT, N. (1998): Fundamentals of Educational Research. 2nd Edn,   Falmer 
Press.  
ANDERSON, R., INSTONE, K., KNEMEYER, D., MAZUR, B. and QUESENBERY, W. (2005): User Experience 
Network: A Passion for Collaboration. Interactions, ACM. (May/June 2005):40-41.  
BAKER, S., GREEN, H., EINHORN, B., IHLWAN, M., REINHARDT, A., GREENE, J. and EDWARDS, C. (2004). Big 
Bang!   Retrieved 18/10/2007, 2007, from 
http://www.businessweek.com/magazine/content/04_25/b3888601.htm. 
BEN-ARI, M. (2001): Constructivism in Computer Science Education. Journal of Computers in Mathematics 
and Science Teaching 20(1):45-73 
http://www.it.uu.se/edu/course/homepage/datadidaktik/ht06/teaching/Moti-Ben-Ari-jcmst.pdf. 
BOGAARDS, P. and PREISTER, R. (2005): User experience: back to business. Interactions, ACM. (Volume 12, 
Number 3 (2005)):23-25.  
BRANDT, C. (2008). (de)Coding the Studio Method to Teach the Design of Human-Centred Interaction.   
Retrieved, August 2009, from http://smartech.gatech.edu/bitstream/1853/29133/2/22-243-1-
PB.pdf. 
BRAUN, V. and CLARKE, V. (2006): Using thematic analysis in psychology. Qualitative Research in 
Psychology, Edward Arnold. (3):77-101.  
BREEN, B. (2007). Streamlining HP.   Retrieved March 2008, from 
http://www.fastcompany.com/magazine/119/streamlining-hp.html. 
BROWN, T. (2009). Design Thinking.   Retrieved October 2009, from 
http://designthinking.ideo.com/?tag=design-thinking. 
BUXTON, B. (2007): Sketching User Experiences. San Francisco,   Morgan Kaufmann.  
California College of the Arts: Design MFA / MBA in Design Strategy.(2009).    Retrieved August 2009, from 
http://www.cca.edu/academics/graduate/design/dualdesign. 
CAPRETZ, L.F. (2002): Implications of MBTI in Software Engineering Education. inroads SIGCSE Bulletin Vol 
34, No. 4(December) http://portal.acm.org/citation.cfm?id=820185. 
CARBONE, A. and SHEARD, J. (2002). Developing a Model of Student Learning in a Studio-Based Teaching 
Environment.   Retrieved February 2009, from 
http://informingscience.org/proceedings/IS2002Proceedings/papers/Carbo116Devel.pdf. 
CHISIG. (2008). What is Human-Computer Interaction?   Retrieved September 2009, from 
http://www.acm.org/sigchi/cdg/cdg2.html. 
REFERENCE LIST 
  Page 209 
COFFIELD, F., MOSELEY, D., HALL, E. and ECCLESTONE, K. (2004). Learning styles and pedagogy in post-16 
learning: a systematic and critical review.   Retrieved, November 2009, from 
https://crm.lsnlearning.org.uk/user/login.aspx?code=041543&P=041543PD&action=pdfdl&src=W
EBGEN. 
Colorado State University: Writing Guides: Case Studies.(2009).    Retrieved August 2009, from 
http://writing.colostate.edu/guides/research/casestudy/index.cfm. 
COY, P. (2000): The Creative Economy. Businessweek Online. (August 28, 2000). 
http://www.businessweek.com/2000/00_35/b3696002.htm?scriptFramed. 
CRAMPTON SMITH, G. (2007): Foreword: What is Interaction Design. In Designing Interactions. 
MOGGRIDGE, B. (ed) Cambridge, Massachusetts; London, England, MIT Press.  
CRESWELL, J.W. (1997): Qualitative Inquiry and Research Design: Choosing Among Five Traditions.   SAGE 
Publications, Inc.  
DE BONO, E. (1999): New Thinking for the New Millenium. London,   Penguin Books.  
DE BONO, E. (2009): Think! Before It's Too Late. London,   Vermilion.  
DEMIRBAS, O.O. (2008): An Experiential Learning Journey: Basic Design Studio. DESIGNing DESIGN 
EDUCATION. http://www.designtrain-ldv.com/activitie7/62-oodemirbas.pdf. 
DEMIRBAS, O.O. and DEMIRKAN, H. (2003): Focus on architectural design process through learning styles. 
Design Studies 24:437-456  
DUBBERLY, H., FORLIZZI, J., HODGE, C., SHEDROFF, N., LAUREL, B., LYMAN, P., MEGGS, P. and MORVILLE, 
P.  (2003): Archiving Experience Design: A Virtual Roundtable Discussion. LOOP: AIGA Journal of 
Interaction Design Education. (June 2003 Number 7).  
DUKER, M. (2009): Personal interview with Mary Duker: Teaching Method in Graphic Design Modules at 
NMMU. Port Elizabeth. June 2009.   
DURLING, D. (1994): Hyping style: approaches to design. Interact Vol. 1(No. 4):19-21 
http://valley.interact.nl/av/org/interact/supindex.html. 
DURLING, D., CROSS, N. and JOHNSON, J. (1996). Personality and learning preferences of students in 
design design-related preferences. IDATER 96  Retrieved September 2009, from 
http://www.engsc.ac.uk/journal/index.php/ee/article/./63/99. 
ECONOMOU, I. (2009): Personal interview with Inge Economou: Teaching Method in Applied Design 
Modules at NMMU. Port Elizabeth. June 2009.   
FELDER, R.M. (2002). Author's Preface to Learning and Teaching Styles in Engineering Education.   
Retrieved September 2009, from http://www4.ncsu.edu/unity/lockers/users/f/felder/public/. 
FELDER, R.M. (2006): Teaching Engineering in the 21st Century with a 12th Century Teaching Model: How 
Bright is That? Chemical Engineering Education 40(2):110-113 
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/Papers/TwelfthCentury.pdf. 
REFERENCE LIST 
  Page 210 
FELDER, R.M. and BRENT, R. (2005): Understanding Student Differences. Journal of Engineering Education 
94(1):57-72.January 2005.  
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/Papers/Understanding_Differences.pd
f. 
FELDER, R.M. and SILVERMAN, L.K. (1988): Learning and Teaching Styles in Engineering Education. 
Engineering Education 78:674-681.1988.  
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/Papers/LS-1988.pdf. 
FLORIDA, R. (2002). The Rise of the Creative Class.   Retrieved July 2009, from 
http://www.washingtonmonthly.com/features/2001/0205.florida.html. 
FRY, R. (2006). Defining the Obvious: Explaining Creativity and Design Thinking to Nondesigners.   
Retrieved July 2009, from http://www.idsa.org/absolutenm/articlefiles/nec06_fry_richard.pdf. 
FULTON-SURI, J. (2003): The Experience Evolution: Developments in Design Practice. The Design Journal. 
(Volume 6, Issue 2):39-48. www.ideo.com/pdf/FultonSuri-Developments_in_Design_Practice.pdf. 
GABRIEL-PETIT, P. (2005): Whose profession is it anyway? Introduction: sharing ownership of UX. 
Interactions, ACM. (Column 12, Number 3 (3005)):16-18.  
GALPIN, V., SANDERS, I. and CHEN, P.-Y. (2007):  Learning Styles and Personality Types of Computer 
Science Students at a South African University. In Proceedings ITiCSE'07, Dundee, Scotland, United 
Kingdom. ACM http://portal.acm.org/citation.cfm?id=1268784.1268844. 
GRAF, S., VIOLA, S.R., KINSHUK and LEO, T. (2002). Representative Characteristics of Felder-Silverman 
Learning Styles: An Empirical Model.   Retrieved September 2009, from 
http://wit.tuwien.ac.at/people/graf/publications/graf_viola_kinshuk_leo_CELDA06.pdf. 
GREENBERG, S. (2007). Your Prototyping Supplies.   Retrieved July 2009, from 
http://pages.cpsc.ucalgary.ca/~saul/wiki/pmwiki.php/CPSC581/PrototypingSupplies. 
GREENBERG, S. (2009a): Embedding a Design Studio Course in a Conventional Computer Science Program. 
In Creativity and HCI: From Experience to Design in Education.  IFIP International Federation for 
Information Processing, 289:23-41. KOTZÉ, P., WONG, W., JORGE, J., DIX, A. and SILVA, P.A. (eds). 
Boston, Springer.  
GREENBERG, S. (2009b). Saul Greenberg - home.   Retrieved July 2009, from 
http://pages.cpsc.ucalgary.ca/~saul/wiki/pmwiki.php/Main/SaulGreenberg. 
GREENFIELD, A. (2007). No boundaries: The challenge of ubiquitous design.   Retrieved April 2007, from 
http://www.adobe.com/designcenter/thinktank/noboundaries/index.html. 
GREENSPUN, P. (2004). What's wrong with the standard undergraduate computer science curriculum?   
Retrieved February 2009, from http://philip.greenspun.com/teaching/undergrad-cs. 
HARDMAN, T. (2009): Personal interview with Theresa Hardman: Teaching Method in Architecture Design 
Modules at NMMU. Port Elizabeth. June 2009.   
REFERENCE LIST 
  Page 211 
HARPER, R., RODDEN, T., ROGERS, Y. and SELLEN, A. (2007):  Being Human: Human-Computer Interaction 
in the year 2020. In Proceedings HCI 2020, Seville. Microsoft Research Ltd 
http://research.microsoft.com/en-
us/um/cambridge/projects/hci2020/downloads/BeingHuman_A4.pdf. 
HEGEMAN, J. (2008). The Thinking Behind Design.   Retrieved March 2009, from 
http://jamin.org/portfolio/thesis-paper/thinking-behind-design.pdf. 
HEWETT, T.T., BAECKER, R., CARD, S., CAREY, T., GASEN, J., MANTEI, M., PERLMAN, G., STRONG, G. and  
VERPLANK, W. (1996). ACM SIGCHI Curricula for Human-Computer Interaction.   Retrieved, 2009, 
from http://old.sigchi.org/cdg/cdg2.html. 
HILLMAN, A. and STAFF, B.A. (2007). Pioneering a User Experience.   Retrieved July 2007, from 
http://www.boxesandarrows.com/view/pioneering-a-user. 
HOLMBOE, C., MCIVER, L. and GEORGE, C. (2001). Research Agenda for Computer Science Education.   
Retrieved April 2009, from http://www.ppig.org/papers/13th-holmboe.pdf. 
Human-Computer Interaction Institute.(2009).    Retrieved August 2009, from http://www.hcii.cmu.edu/. 
HUNDHAUSEN, C.D., NARAYANAN, N.H. and CROSBY, M.E. (2008): Exploring Studio-Based Instructional 
Models for Computing Education. SIGCSE '08. Portland, Oregon, USA, ACM. (Volume 40, Issue 1 
(March 2008)). http://portal.acm.org/citation.cfm?id=1352271. 
IIT Institute of Design: Program Details.(2009).    Retrieved August 2009, from http://www.id.iit.edu/99/. 
INSTONE, K. (2005):  User Experience: An Umbrella Topic. In Proceedings CHI 2005, Portland, Oregon. 
ACM.April 2005.   
KAPOR, M. (1991). A Software Design Manifesto.   Retrieved February 2009, from 
http://hci.stanford.edu/bds/1-kapor.html. 
KAUFMAN, J. and GLASER, M. (2004). A Product Design Studio for Nondesigners: Teaching Innovation to 
Nondesigners.   Retrieved July 2009, from 
www.idsa.org/absolutenm/articlefiles/Jim_Kaufman.pdf. 
KELLEY, D. (1996): The Designer's Stance. In Bringing Design to Software. WINOGRAD, T. (ed), Addison-
Wesley. http://hci.stanford.edu/bds. 
KIESLER, S., KRAUT, R., CUMMINGS, J., BONEVA, B., HELGESON, V. and CRAWFORD, A. (2002): Internet 
Evolution and Social Impact. IT&Society. (Volume 1, Issue 1):120 - 134. 
http://www.stanford.edu/group/siqss/itandsociety/v01i01/v01i01a08.pdf. 
KNEMEYER, D. (2004). Louis Rosenfeld: The InfoDesign interview.   Retrieved April 2007, 2007, from 
http://www.informationdesign.org/special/rosenfeld_interview.htm. 
KNEMEYER, D. (2008). Defining Experience: Clarity Amidst the Jargon.   Retrieved March 2009, from 
http://www.uxmatters.com/mt/archives/2008/04/defining-experience-clarity-amidst-the-
jargon.php. 
KNEMEYER, D. and SVOBODA, E. (2005). User Experience - UX.   Retrieved April 2007, from 
http://www.interaction-design.org/encyclopedia/user_expereince_or-ux.html.html. 
REFERENCE LIST 
  Page 212 
KOLB, D.A. (1984): Experiential learning: experience as the source of learning and development. 
Englewood Cliffs, New Jersey,   Prentice Hall.  
KOLKO, J. (2007). Thoughts on Interaction Design.   Retrieved May 2009, from 
http://thoughtsoninteraction.com/. 
KORNECKI, A.J. (2008): Computing Curricula for the 21st Century. IEEE Distributed Systems Online 9(no. 2) 
http://dsonline.computer.org/portal/site/dsonline. 
LAWSON, B. (2006): How Designers Think: The Design Process Demystified. Oxford, Fourth Edn,   Elsevier.  
LAYMAN, L., CORNWELL, T., WILLIAMS, L. and OSBORNE, J. (2005). Personality Profiles and Learning Styles 
of Advanced Undergraduate Computer Science Students.   Retrieved September 2009, from 
ftp://ftp.csc.ncsu.edu/pub/tech/2005/TR-2005-40.pdf. 
LOMBARDI, V. (2005): The adaptive user experience organization. Interactions, ACM. (Volume 12, Number 
3 (2005)):36. http://interactions.acm.org/content/?p=942. 
MARGOLIN, V. and BUCHANAN, R. (eds) (2000): The Idea of Design. Cambridge, Massachusetts; London, 
England, The MIT Press.  
MARTIN, R. (2004): Editorial from the Dean, Rotman Management Business Design. Winter 2004. 5. 
http://www.rotman.utoronto.ca/pdf/rotman_mgmt_winter03.pdf. 
MERRIT, J. and LAVELLE, L. (2005): Tomorrow's B-School? It Might Be A D-School. BusinessWeek. (August 
1, 2005). http://www.businessweek.com/print/magazine/content/05_31/b3945418.htm?chan=gl. 
MOGGRIDGE, B. (2007): Designing Interactions. Cambridge, Massachusetts,   The MIT Press.  
NEALE, P., THAPA, S. and BOYCE, C. (2006). PREPARING A CASE STUDY: A Guide for Designing and 
Conducting a Case Study for  Evaluation Input. PATHFINDER INTERNATIONAL TOOL SERIES 
Monitoring and Evaluation – 1  Retrieved July 2009, from 
http://www.pathfind.org/site/DocServer/m_e_tool_series_case_study.pdf?docID=6302. 
NEWLAND, P., POWELL, J.A. and CREED, C. (1987): Understanding architectural designers' selective 
information handling. Design Studies 8(1):2-16  
NMMU Prospectus 2009.(2009).    Retrieved September 2009, from http://www.nmmu.ac.za. 
NMMU Timetabling Policy: D/628/06.(2007).    Retrieved September 2009, from http://www.nmmu.ac.za. 
NORMAN, J. (2001): Design as a framework for innovative thinking and learning: how can design thinking 
reform education? IDATER2000. Loughborough University. 
http://www.lboro.ac.uk/departments/cd/research/idater/downloads00/norman2000.PDF. 
OLIVIER, M.S. (2009): Information Technology Research. Pretoria, Third Edn,   Van Schaik.  
OSTRENG, W. (2007). Reductionism versus Holism – Contrasting Approaches?   Retrieved September 2009, 
from http://www.cas.uio.no/Publications/Seminar/Consilience_Ostreng.pdf. 
PALUCH, K. (2006). What is User Experience Design.   Retrieved August 2007, from 
http://www.paradymesolutions.com/articles/what-is-user-experience-design. 
REFERENCE LIST 
  Page 213 
PARADIGM. (2009). Get Ready for Digital Convergence: A Primer on Life in the Twenty-First Century.   
Retrieved June 2009, from http://www.emcp.com/intro_pc/reading7.htm. 
PENGER, S., TEKAVCIC, M. and DIMOVSKI, V. (2008): Comparison, Validation and Implications of Learning 
Style Theories in Higher Education in Slovenia: An Experiential and Theoretical Case. International 
Business & Economics Reserach Journal Volume 7, Number 12.December 2008.   
PINE, B.J. and GILMORE, J.H. (1999): The Experience Economy. Boston,   Harvard Business School Press.  
POWELL, J.A., COOPER, I. and LERA, S. (1984): Information and designers. Design Studies 5(2):113-120  
PREECE, J., ROGERS, Y. and SHARP, H. (2002): Interaction Design: Beyond Human-Computer Interaction.   
John Wiley & Sons, Inc.  
REDING, V. (2006). Digital convergence: a whole new way of life.   Retrieved April 2009, from 
http://ec.europa.eu/commission_barroso/reding/docs/speeches/dle_20060530.pdf. 
REIMER, Y.J. and DOUGLAS, S.A. (2003). Teaching HCI Design with the Studio Approach.   Retrieved March 
2009, from http://itecideas.pbworks.com/f/Reimer-Teaching+HCI+Studio.pdf. 
RITTEL, H. and WEBBER, M. (1973): Dilemmas in a General Theory of Planning. Policy Sciences 4:155-169 
http://www.uctc.net/mwebber/Rittel+Webber+Dilemmas+General_Theory_of_Planning.pdf. 
RODGER, S.H. (1995). An Interactive Lecture Approach to Teaching Computer Science.   Retrieved 
September 2009, from http://www.cs.duke.edu/csed/rodger/papers/cse95.pdf. 
RUNDLE, M. (2007). User Experience Group Development and Integration.   Retrieved April 2007, from 
http://www.uigarden.net/english/user-experience-group-development-and-integration. 
SAFFER, D. (2008). The Disciplines of User Experience.   Retrieved May 2009, from 
http://www.kickerstudio.com/blog/2008/12/the-disciplines-of-user-experience. 
SCHAFER, B. (2008). Software Studio.   Retrieved August 2009, from 
http://www.cs.uni.edu/~schafer/courses/previous/162/spring2008/studio.html. 
SCHÖN, D.A. (1991): The Reflective Practitioner. Aldershot, England,   Ashgate Publishing Limited.  
School of Visual Arts: Graduate Interaction Design.(2009).    Retrieved August 2009, from 
http://www.schoolofvisualarts.edu/grad/index.jsp?sid0=2&sid1=364. 
SHAFFER, D.W. (2007): Learning in Design. In Foundations for the Future in Mathematics Education.  99-
126. LESH, R.A., KAPUT, J.J. and HAMILTON, E. (eds). Lawrence Erlbaum Associates. 
http://epistemicgames.org/cv/papers/8089_Lesh_CH05.pdf. 
SHEDROFF, N. (2001): Experience Design 1.  Indianapolis,  New Riders.  
SHERMAN, P. and QUESENBERY, W. (2005): Engineering the User Experience: UX and the Usability 
Professionals' Association. Interactions, ACM. (May/June 2005):38 - 39.  
SILVERTHORNE, S. (2006). Developing a Strategy for Digital Convergence. Harvard Business School 
Working Knowledge  Retrieved October 2007, from hbswk.hbs.edu/item/5445.html. 
SIMON, H.A. (1976): Administrative Behavior. New York, Third Edn,   The Free Press.  
REFERENCE LIST 
  Page 214 
SMITH, D.W. (2008). Phenomenology (Stanford Encyclopedia of Philosophy).   Retrieved September 2009, 
from http://plato.stanford.edu/entries/phenomenology. 
SMITH, M.K. (1996). David A Kolb on Experiential Learning.   Retrieved September 2009, from 
http://www.infed.org/biblio/b-explrn.htm. 
STAKE, R.E. (1998): Case Studies. In Strategies of Qualitative Inquiry.  86-109. DENZIN, N.K. and LINCOLN, 
Y.S. (eds). Sage Publications, Inc.  
STANFORD. (2009). Design Thinking.   Retrieved, 2007, from 
http://www.stanford.edu/group/dschool/big_picture/design_thinking.html. 
Stanford University: d.school home page.(2009a).    Retrieved August 2009, from 
http://www.stanford.edu/group/dschool/. 
Stanford University: d.School: Multidisciplinary approach.(2009b).    Retrieved September 2007, from 
http://www.stanford.edu/group/dschool/big_picture/multidisciplinary_approach.html. 
STOLTERMAN, E. (2008): The Nature of Design Practice and Implications for Interaction Design Research. 
International Journal of Design. (Vol 2 No 1):55-65. 
http://www.ijdesign.org/ojs/index.php/IJDesign/article/view/240/148. 
STRASSER, H. (2009): Digital Convergence.    Retrieved March 2009, from http://www.harrystrasser.eu/. 
STREITS, N., MAGERKURTH, C., PRANTE, T. and ROCKER, C. (2005). From Information Design to Experience 
Design: Smart Artefacts and the Disappearing Computer.   Retrieved April 2007, from 
http://www.uigarden.net/english/from-information-design-to-expereince-design-smart-artefacts-
and-the-disappearing-computer. 
THORNTON, P. (2007): Design Thinking. Corante: Total Experience. (31 August 2007). Retrieved October 
2007, from http://totalexperience.corante.com. 
TOMAYKO, J.E. (1991): Teaching Software Development in a Studio Environment. SIGCSE Bulletin, 
Association of Computing Machinery. (Volume 23, Issue 1 (March 1991)). 
http://portal.acm.org/citation.cfm?id=107005.107070. 
TROCHIM, W.M.K. (2006). Qualitative Approaches. Research Methods Knowledge Base  Retrieved May 
2009, from http://www.socialresearchmethods.net/kb/qualapp.php. 
TROJER, L. and BJÖRKMAN, C. (2004). Epistemological Issues in Computer Science Education from Gender 
Research Perspectives.   Retrieved September 2009, from 
http://www.ll.lu.se/fileadmin/user_upload/Laerande_Lund/epistemological_issues_in_computer_
science_education.pdf. 
TUCKER, R. (2007): Southern drift: the learning styles of first- and third-year students of the built 
environment. Architectural Science Review 50(3):246-255 
http://www.arch.usyd.edu.au/documents/publications/ASR/Southern%Drift.pdf. 
UCT: Computer Science Honours Handbook.(2009).    Retrieved September 2009, from 
http://www.cs.uct.ac.za/teaching/honours/honours-handbook-2010/welcome.html. 
UNCTAD (2008): Creative Economy Report 2008.  United Nations Conference on Trade and Development.   
http://www.unctad.org/creative-economy. 
REFERENCE LIST 
  Page 215 
VAN DER POST, L. (2009): e-mail: Personal Observation of CS&IS Teaching Methods. Port Elizabeth. 
October 2009.   
VECCHIATTO, P. (2009). Mxit becomes teacher's pet.   Retrieved July 2009, from 
http://www.itweb.co.za/index.php?option=com_content&view=article&id=22090:mxit-becomes-
teachers-pet&catid=260:telecoms. 
VISAGIE, S. (2009): Personal communication regarding Facebook Questionnaire. Port Elizabeth.  
23 September 2009.   
VODAFONE (2005): Africa: The Impact of Mobile Phones. The Vodafone Policy Paper Series. (March 2005). 
http://www.vodafone.com/etc/medialib/attachments/cr_downloads.Par.78351.File.dat/GPP_SIM
_paper_3.pdf. 
VOSLOO, S. (2008). Using MXit to Learn.   Retrieved May 2009, from 
http://www.thoughtleader.co.za/stevevosloo/2008/01/18/using-mxit-to-learn/. 
WESSON, J. (2007):  Teaching Creative Interface Design: Possibilities and Pitfalls. In Proceedings HCIEd 
2007, Aveiro, Portugal.   
WINOGRAD, T. (ed) (1996): Bringing Design to Software, Addison-Wesley. http://hci.stanford.edu/bds. 
WINOGRAD, T. (1997). From Computing Machinery to Interaction Design.   Retrieved October 2007, from 
http://hci.stanford.edu/winograd/acm97.html. 
Witwatersrand School of Arts.(2009).    Retrieved August 2009, from 
http://web.wits.ac.za/Academic/Humanities/WSOA/DigitalArt/. 
WONG, W., KOTZE, P., READ, J., BANNON, L. and HVANNBERG, E. (2007):  Inventivity in HCI Education: 
Lessons from Limerick. In Proceedings HCI Educators 2007, Aveiro, Portugal.  
http://hufee.meraka.org.za/Hufeesite/staff/the-hufee-group/paula-kotze-
1/publications/inventivity-paper.pdf. 
YIN, R.K. (2003): Case Study Research Design and Methods. Third Edn, Applied Social Research Methods 
Series.  Vol. 5.  Sage Publications.  
 
APPENDIX 
  Page 216 
A P P E N D I X  
The Appendix is provided on CD, containing the following files: 
# File Name Content 
1 lecturer1.pdf All feedback from Lecturer 1. 
2 lecturer2.pdf All feedback from Lecturer 2. 
3 lecturer3.pdf All feedback from Lecturer 3. 
4 focusGroupNotes.pdf Notes taken during focus group meetings. 
5 wrwdSurvey.pdf Completed questionnaires from Web Page Design 2.2 students. 
6 wruiSurvey.pdf Completed questionnaires from User Interface Design 3.1 
students. 
7 wrmsSurvey.pdf Completed questionnaires from Multimedia Systems 3.2 students. 
8 analysis.xlsx Initial analysis of Web Page Design 2.2 and User Interface Design 
3.1 student questionnaires 
9 thematicAnalysis.xlsx Extracts coded and sorted for thematic analysis. 
10 questionnaire1.pdf First student questionnaire. 
11 questionnaire2.pdf Second student questionnaire. 
12 lecturerQuestionnaire.pdf Lecturer questionnaire 
13 additionalReflections.pdf Request for additional reflections from lecturers. 
14 preliminaryGuidelines.pdf Preliminary guidelines given to lecturers before start of case study. 
15 computingStudioToolkit.pdf Guidelines developed as a result of the research. 
16 humanEthics.pdf Letter from the NMMU Human Ethics committee granting 
permission for the research. 
 
